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A.  H.  Jackson,  of  Winthrop,  for  several  drawings. 
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QUANTITATIVE  ANALYSIS. 


INTRODUCTION. 

Thb  purpose  of  a  quantitative  analynia  la  to  iletcniuni!  tho 
quantity  of  the  constituents  present  in  a  ronipounrl  (ir  in  a  mix- 
ture. The  methods  to  be  employed  de]>cnd  upon  the  nature  of 
the  8ul)Stances  to  be  determined,  so  that  in  every  case  a  quaJ iUUive 
anolynt  $hould  precede  the  quantitative  one.  In  quantitative  analy- 
di  we  distinguish  two  esseuttolly  different  methods  of  procedure: 

L    GaAriMETRic  Analysis  (Analysis  by  Weight). 
U.    Volumetric  Analysis  (Aniilypis  by  Volume). 

In  the  case  of  gravimetric  analysis  we  separate  the  component 
to  be  detennined  from  a  solution  in  the  form  of  an  insoluble  com- 
pound of  known  chemical  comprj«ition,  and  then  detennine  the 
wei^t  of  this  compound;  from  this  we  can  calculate  the  amount 
of  the  substance  prv^-nt. 

Suppose,  for  exam|)le,  that  we  have  for  analysis  a  sample 
of  barium  chloride.  The  aimnmt  of  barium  pre«<eut  can  be 
detennined  by  dissolving  n  weighed  amount  of  the  chloride  in 
water,  precipitating  the  barium  from  the  solution  by  the  a<ldi- 
tion  of  sulphuric  acid  and  weighing  the  insoluble  banum  sulphate 
fonnod. 

If  we  start  with  a  grams  of  barium  chloride  and  obtain  p  grams 
at  b«rium  sulphate,  the  amount  of  barium  present  may  be  calcu- 
lated ft*  follows: 

BaS04:Ba-=p:«. 

Ba 
=  j|-ajc--p  —weight  of  barium  in  a  gm.  of  barium  chloride. 


( 
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It  is,  however,  customary  to  express  the  resulta  in  percentages; 


therefore  m  tius  cose  we  have 


Ba 


'BatJU. 


■p=100:a; 


lOOBfl  p 


-.--n — 7.-r-  ^=- per  cent,  barium. 

In  the  case  ot  volurruiric  analysis  the  constituents  are  not 
weiglied,  but  they  are  detenuined  by  measuring  the  amounts  of 
reagents  of  known  strength  wlitch  react  with  them. 

Suppose  that  we  have  a  sample  of  cuustic  soda  which  contains 
souie sodium  chloride  as  an  uuEmrity  and  that  we  desire  to  know  huw 
much  caustic  soda  there  is  in  lOU  gnis.  of  the  mbclurc.  A  portion 
of  the  substance  weighing  a  gnis.  is  diiisolvcd  in  water,  some  methyl 
orange  la  added  and  hyUrochlt>ric  acid  of  known  streugtii  is  then 
run  mto  the  solution  fmrn  a  burette  until  the  alkali  is  juut 
neutralized,  this  pouit  being  reached  when  the  yellow  color  of 
the  solution  changes  to  pink.  If  t  c.c.  of  hydrochloric  acid 
were  necessary,  of  w'lich  1  c.c.  contained  exactly  a  gms.  of 
HCl,  it  is  evident  that  to  neutralize  the  caustic  aoda  contained, 
iti  a  gins,  of  the  mixture  a  t  gms.  of  HCl  were  used  up,  and  it 
follows: 

HCl:NaOn-a.(:« 

•a'l'^gms.  N'aOH  in  a  gms.  of  the  mixture;  in  l(X)gm8. 


HCl 


a:- 


NaOH 


HCi 
100-NaOH-«-< 

We  mil  fiist  coaaider 


at  =  lOO;x 


—  per  cent  NaOH. 


A.    Gravimetric  Metoods. 
These  are  divided  into 

(a)  Direct  ATmlysca. 

(b)  Indirect  Analy&ex. 

In  the  cB.se  of  a  dired  analysis  the  substance  to  be  determined 
is  flejmratod  fntrn  the  aolution  in  the  form  of  an  insoluble  com- 
pound au<l  weighed. 


CRAVIMETRJC  METHODS.  f 

llie  determination  of  barium  in  buriuin  chlorido  was  an  example 
of  ft  (tinM't  analysts. 

The  ituiircct  method  depends  upon  the  jaci  tfmt  tchm  two  or  more 
nbtlancea  are  made  to  undergo  the  same  chtmiail  treatment  they  ex- 
perience a  reUUivciy  di/fcrent  change  oj  weight. 

For  example,  suppose  that  we  have  ii.  iiiixluro  of  tlie  chloriJee 
i»f  aodium  and  of  ]>ota>¥!iutn  aiul  dut^Ire  tu  tletemune  the  relative 
unounts  of  each  of  the  two  subslancts  in  the  mixture.  For  this 
purpose  a  portion  of  the  mixture  (a  gms.)  is  weighed,  dissolved 
in  water,  tlic  chlorine  precipitated  as  silver  chloride,  and  the 
wei^t  of  the  latter  determined  (p  gms.).  From  these  data  it 
is  pusaible  to  calculate  the  amount  of  wxtium  chloride  and  of  potaa- 
aium  chlurido  thai  was  present  in  the  mixture. 

If  we  let  X  reprcscTit  the  amount  of  the  sodium  chloride,  y 
the  amount  of  tiie  iKitassium  chloride,  a  the  amount  of  silver 
ohlorido  fomiet]  from  x  gias.  of  sodium  chluridc,  and  ;3  the 
amount  of  silver  chloride  formed  from  y  gms.  of  potastdum 
chloridcj  then 

NaCl    KCl 

I    +   y  -a 

AgCI    AgCl 

a  +    ^  -  p. 

We  liave,  tlierefore,  two  equatioTis  with  apparently  four  un- 
known quantities,  but  ac  and  ^  can  be  expressed  in  terma  of  x 
And  y: 

NaCl:AKa-r:rt  KCliAfs^^y.ff 

AgCl  _  a    AgCl 


""Nici*-' 


fi- 


KCl 


■y 


£^.  and  '-„,„-,  however,  are  known  quantities;  they  are  aimply 
the  quotients  of  tlic  molecular  weights  in  question. 

IT  we  deragiiate  by  m  the  fraction  ^^i  and  by  n  tbe  frac- 
tion ^0,  wa  have  0 


( 
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aocl  from  this  we  can  calculate 

x—~ and  y— o— ac 


1  n 

X— p -a. 

m—n        Hj— re 

All  indirect  analyses  may  be  calculated  by  means  of  this  last 
general  equation. 

in  the  above  example 

„=Aga_I43^  n.-^'-l^- 1.9223 

NaGl     5S.4()  '         KQl      74. oU 


and 


m-n  =  0.52»7. 


If  these  values  ore  substituted  in  the  above  equations  we 
obtain 

J-1.8S8-P-3.628.0. 

Consequently,  m  order  to  determine  the  amount  of  sodium 
cliloriile  in  the  original  mixture  it  is  only  ncfcsaar\'  to  dptcrniine 
the  valuea  a  and  ;jj  then  multiply  tliem  by  the  cocffi<^ionts  .?.(j2S 
and  1.888  respectively,  and  Buljtract  the  first  product  from  the 
last. 

Altliough  this  method  appears  so  simple  an<i  attractive  on  pai>er, 
imjiossiblo  values  are  often  obtained  in  practice,  so  that  it  is  always 
nectsiKary  to  be  very  cautious  about  using  an  indirect  method. 

The  experimental  errons  wiiich  are  unavoidable  in  such  an 
analyfus  arc  multiplied  by  the  value  of  the  coefficients;  thus  in 
the  above  case  the  actual  error  in  the  determination  of  the  weight 
a  is  multiplied  by  3.63  . . .  and  the  error  in  determining  Use  weight 
of  the  silver  chloride  (p)  is  multiplied  by  1.89  . . . 

It  is  clear,  therefore,  that  an  indirect  analyifls  becomes  more 
accurate  in  proportion  as  the  coeflicieuta  are  small  and  when  the 
error  in  determining  a  and  p  is  slight. 

In  the  above  example  the  cocflicients  are  relatively  small  and 
ronsequcntly  good  results  are  to  be  expected,  and  experiment 
Bhows  this  to  be  the  ease.  * 

Example:  A  mUture  weighing  {^5iS0  gm.  (a)  and  conaiating  of 


f 


«: 
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0.4066  gm.  sodium  chloride  {x)  and  0.0514  gm.  potassium  oUoride 
(y)  \*w:Med  1.316!  gm.  of  silver  chloride  (p),  but  from  the  values 
of  a  and  p  we  can  calculate  those  of  x  and  y. 

«=  1.888- 1.3161 -3.6280.5480 
=0.4%3  gxn.  sodium  chloride; 
y— 0.0517  gm.  putatuium  cliloride. 

The  calculated  values,  therefore,  show 

99.02  per  cent,  of  the  true  value  for  the  sodium  chloride, 
100.6    per  cent,  of  the  true  value  fur  the  potaasiuin  chloride. 

Although  the  above  resultji  arc  satisfactory,  it  muat  be  borne 
in  mind  thai,  the  unalj'sis  was  carried  out  with  chemically  pure 
substAncea.  If  this  were  not  so,  as  is  usually  the  case  in  prac- 
tice, the  results  would  be  far  less  accurate. 

The  same  analysis  may  be  performed  in  a  much  more  simple 
nuuiner  than  aa  above  described,  by  weighing  the  mixture  of  the 
chlorides  in  a  platinum  crucible,  then  changing  them  to  sulphate* 
(by  treatment  with  sulphuric  ncid  and  evaporating  off  the  excess 
of  the  latter)  and  again  weighing.  In  this  izass  the  actual  experi- 
ntental  error  is  slight  and  excellent  resullji  might  be  expected. 

We  have 

Naa    Ka 

ff    +    y  -  a 
a     ■\'    ?  -  p 

ivso. 


^     2NaCI   ' 


and    j$= 


2KC1 


■y 


^.1.2150-m    «.d     ^-1.1686- 


Now 


•od 


ffl-n -0.0464 


<1)    X  +  y  -a 


(2) 


W 


m-^n 
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Substituting  the  vulues  for  m  and  n  in  equation  (3  we  obtAin 

x=2l.547-7>-25.1Slo. 

In  this  case  the  coefficients  are  veiy  large,  so  that  the  analytical 
error  is  multiplied  aioniunisly  in  the  calculation,  so  ntuch  m  that 

it  is  impossible  to  ubtatn  even  approximate  vaUies  exci-pt  when 
the  mixture  is  cumpuHed  uf  aUiut  e<iual  parts  of  tlie  two  clilorides, 
Kxample:    In  a  mixture  containing  alxmt  equal  parts  of  the 
two  salt*)  there  was  foimd 

99.54  per  cent,  of  the  t;odium  chloride  present; 
100.70  per  cent,  of  the  potassiiunt  chloride  pret>cnt. 

In  a  mixture  containing  considerable  sodium  chloride  and  hi.tJ[t 
potawium  chloride  there  waa  found 

(o)     95.0  |)er  cent,  of  ilie  smlium  chlori<le  prewent; 
\      148.0  per  emit,  of  tlie  potaAViuni  chloride  ])resent. 
(6)     96.8  per  cent,  of  the  emliuni  chloride  present; 
129.D  per  cent,  of  the  pnta.ssium  chloride  present. 

The  valuya  obtained  are,  therefore,  worthless. 

In  the  case  of  u  dia-ct  ariulyxi!^  the  ^^niall  unavoidable  errors 
exert  a  much  less  hilhience  upon  the  re8utt|  80  that  a  direct  dctcr- 
niiiiatioii  should  always  be  prefcrretl. 

OiHy  in  those  etiset  where  a  titrecl  Tnethod  is  unknown  shcruUl  one 
resort  to  art  indirtxt  anatysisl 


OPERATIOMS. 

The  principal  operations  of  quantitative  analyiaa  are  those 
of  wrighingj  filtration,  and  the  wiu^hing,  drying,  and  ignition  of 
precipitates. 

Weighing. 

Tlio  balance,  as  used  for  purposes  of  quantitative  cheinlcal 
analysis,  is  shown  in  Fig.  1. 

It  consists  of  a  horizontal  lev^^jrith  two  anna  of  equal 
length,  and  in  order  to  be  servi^^^BU  must  be  accurate  and 
§ensiiiti\ 

It  fulfils  the  first  condition 

(1)  The  anus  of  the  lever  a^^^^ly  long; 
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(2)  TTie  point  of  support  (tlie  fulcrum)  Bm  above  the  Mntre 
of  gravHy; 

(3)  Tlie  fulcrum  (a  knifc-c<lgp)  and  tlio  knife-edgra  frtun  which 
the  pons  are  sviB]>endod  lie  in  the  same  piano  and  arc  parallel 
to  one  auuUier. 

The  balance  is  more  sensitive  the  greater  the  displacement 
o(  the  pusitioa  of  etiuilibriiim  brought  about  by  the  addition  of 
ft  amall  weight,  e.g.  one  milligram. 


A 


I 


Fm.  1. 

The  sennitivenesiB,  or  teruibUity,  may  be  expretttsed   by  the 
equation : 

pi 


tan  a  *  — 


q-d 


in  which  p  is  the  weight  atldetl,  I  the  length  of  the  balance-arm, 
5  tl>e  weight  of  the  bcflm,  aiul  d  the  ilistonco  between  the  centre 
of  gravity  and  the  point  of  support. 

The  ■cn'titiveiiess  of  tUo  ImL'ince  is  grcoter,  therefore,  the 
busier  the  weight  added,  the  longer  the  beam,  the  ligtittr  the 
boun,  and  the  ahortcr  the  dktanco  between  the  centre  uf  gravity 
imd  the  point  of  Kiipport. 


*  a  b  Um  ju^  UinniKh  whicb_ 
MOall  wdgbk 


jiiit«r  mgvGs  oa  the  addiUoc  of  Um 


fl 
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For  convenience  ia  determining  the  position  of  the  bftlaoce 
ft  pointer  is  fastened  to  the  beam  which,  when  the  equilibrium  is 
established,  rest^^  at  the  zero  of  a  scale  on  an  ivorj'  plate  below. 

The  object  to  be  weighed  is  placed  upon  the  left  scalc-p&n  and 
the  weights  upon  the  right  pan;  the  beam  is  lowered  and  the 
balance  set  in  slight  motion,  by  producing,  with  the  hand,  a 
gentle  draft  of  air  upon  one  of  the  pans.  If  the  correct  weight 
has  been  added,  the  pointer  will  swing  to  the  same  number 
of  scale  Uiviaions  to  the  right  of  the  zero  that  it  does  to  the  left, 
provided  that  it  does  so  when  there  is  nothing  in  either 
scalopan,  wiiicli  is  usually  not  the  case.  It  is  to  be  noted  tluit 
when  the  zero-point  of  the  balance  (i.e.,  the  point  of  the  scale 
at  which  the  pointer  vents  when  the  balance  is  in  equjlibrium 
with  nothing  in  either  scak-pau)  coincides  with  the  zero  of  the  scale, 
it  may  clia:ige  during  the  course  of  thu  day,  so  tliat  disregard  of 
this  fact  may  lead  to  a  considerable  error. 

The  cause  of  the  displacement  of  the  zcro-pinnt  is  that  the 
first  condition  for  tho  accuracy  of  a  balauce  is  not  fulfilled.  On 
account  of  unequal  wanning  the  arms  become  of  unequal  length. 

In  order  thataccurate  weighings  may  be  obtained,  it  is  necessary 
to  miike  them  independent  of  any  inequality  in  the  IcngUis  of  tho 
anna,  wliich  caji  readily  be  done,  as  the  following  consideration 
will  show.  In  the  case  of  a  lever,  equilibrium  takes  place  when 
tlic  statical  moments  are  equal. 

liy  BtoHcal  morrictit  is  understood  the  product  of  the  force 
into  tho  length  of  the  lever-arm,  and  the  length  of  the  lever^arra 
is  the  perpendicular  distance  from  the  axis  of  revolution  (the 
fulcnnn)  to  the  lino  of  action  of  the  force. 

If  an  object,  whose  weight  Q  (Fig.  2)  is  to  be  aacertainetl,  ia 
placed  upon  the  left  buliuice-pan  and  equilibrium  Is  established 
(tho  pointer  rests  at  zero)  by  putting  weights  amounting  to  P 
gms-  in  the  right  balance-pan,  then 

(1)  QI-H,. 


If  now  the  object  Q  Is  placed  on  the  right-hand  balance-pan  and 
the  balance  again  brought  to  the  state  of  equilibrium  by  placing 
weights  upon  the  left-hand  balnce-pan,  in  this  case  the  wcighta 


jalncc 
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wfll  not  as  a  rule  amount  to  P  gms.,  but  to  P^  gms.    Since,  how- 
ever. oquUibriuin  has  been  reached,  we  have 

(2)  (^,^P,U 

%  V 


£ 


V 


IB. 


If  equation  1  is  multiplied  by  equation  2,  we  obUm. 

•nio  true  weight  is  obtained,  therefore,  by  taking  the  gcometriB 
tnean  of  the  two  values.  For  practical  purjioscs,  however,  it  is 
cufBcicnlly  accurate  to  take  the  arithmetical  meanj  in  wliich  case 
the  true  weight  of  tlie  object  would  be: 


Q- 


P+P, 


This  method  of  obtfuntng  the  true  weight  independent  of  the 
fengthfl  of  the  bahuice-nrms  Is  known  as  that  uf  double  wei^hing^ 

Tlic  aaroe  end  la  obtained  by  Dorda's  melhvd  of  st^stitiUion. 

Atcording  to  llus  meUuKl  the  object  to  be  w^hcd  (Q)  is  coun- 
tcrbalanceJ  (tared)  by  means  of  shot,  sand,  wejglitfi,  etc.,  tlie 
object  Q  IS  then  removed  and  equilibrium  mth  the  tare  is  again 
mJabBahed  by  placing  weights  upon  the  scale-pan.  We  hav^ 
;  tiMlk.  m  a  renilt  of  the  Qist  wuigliing. 


M 
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and  from  the  second  woghing, 

from  which  it  follows: 

Ql-H 

Q~P. 

The  latter  method  is  tised  chiefly  in  weighing  iarge  objects. 

For  ordinary  analytical  work  the  weighing  is  made  by  the 
method  of  sivings. 

First  of  all  the  zero-point  of  the  balance  is  determined  by  setting 
the  balance  in  motion  (without  any  load  in  either  pan),  observing 


M 


_L 


jL 


IB. 


Ko.  3. 


and  recording  the  turning-points,  or  extreme  positions,  of  the 
pointer  on  the  scale  of  an  uneven  number  of  swings  (say  five*) 
and  taking  tlie  mean  of  the  readings.  In  order  to  give  the  same 
algebraic  sign  to  all  the  observed  readings  it  is  best  to  number 
the  divisions  on  the  scale  from  left  to  right  from  0  to  20  so  that  the 
zero-point  in  case  both  balance-arms  were  of  equal  length  would 
be  numbered  10. 

The  neJct  thing  to  be  determined  is  the  sensitiveness  of  the 
balance  for  the  object  to  be  weighed.  For  this  purpose  the  object 
is  placed  in  the  left-hand  balance-pan,  and  by  placing  weights  in 
ihe  right-hand  pan  equilibrium  is  established  as  nearly  as  possible 


*  The  fiist  two  owings  are  inaccurate  on  account  of  the  jar  in  shutting 
lilB  balance-door,  etc.,  so  that  they  arc  disregarded. 


H^tCHtUG. 
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■nd  the  point  of  rest  of  the  pointer  on  the  scale  is  determlnci!  as 
b1x»vc.  An  adfJitianal  weight  of  1  ingiii.  is  nWed,  or  removed  if 
the  object  was  too  light  before,  and  Ciie  poiut  of  rest  is  agaiu  detei^ 
milled. 

The  difference  (rf)  between  this  and  the  previous  point  of  rest 
gjvcfi  the  sensitiveness  of  the  balance.  Assuming  the  zero-point  to 
lie  at  10.22,  tlie  first  point  of  rest,  obtained  with  a  load  of  19.723 
gms.,  tu  be  at  9.80,  and  the  ]i<>uit  of  rest  witli  u  load  of  1  mgm.  kss 
O-e.,  with  a  load  of  19.722  g»is.)  to  He  at  12.32,  then  the  semittve- 
ncBS of  the  balance  will  anioutil  to  12.32— 9.80-2.52 »calc divisions. 

As  Ihc  «*n>-puint  of  the  balance  was  at  10.22  and  the  point 
of  rest  with  a  load  of  19.723  gms.  was  9.80,  it  follows  thai  the 
object  was  lighter  than  the  wei^it«  in  the  riglit-hand  i>an,  and 
in  fact  the  excess  of  weights  in  the  pan  was  Kulticient  to  move 
the  point  of  rest  10.22-O.SO=-0.42  divisious  on  tlie  scale.  This 
amount  can  be  ralcuhiled  from  the  determination  of  the  senative- 
o(  the  balance  as  folkitt-s: 

EUnce  3.52  of  the  scale  divisions  correspond  to  1  tngin.,  then  0.42 
of  the  scale  divisions  corrospond  to  the  weight  which  mut^t  bo  sub- 
tneted  frmn  19.723  gms.  in  onier  to  obtain  the  true  weight;  there- 
fore 

2.52:l-0.42:x 


0  42 

X— ^-^-0.17  niRm.,  or  about  0.2  mgm. 


The  true  weight  of  the  body  In  air  is  corksetiuontly 

19.723-0.0002-19.7228*  gms. 

In  making  a  weighing  one  .■should  always  accustom  himself  to 
eote  the  obeen'alinns  methotlicully,  a^  follows: 

ABrame  that  a  platinum  crucible  is  to  be  weighed. 

'Aa  moM  niiAlvtintI  linUnr*!  Will  ATftn-vly   detect  wirti  rfrUiinty  Iras 
[itiian  1^  nigtn.,  tlw  wriKlit  ix  rxpmowtl  oiily  to  ttm  fnurth  (tcvimDl,     If  ilw 
pbc*  in  «  ^-nli-utntioDiuiUfunU  to  aU  or  more,  Lbenujubcr  ia  the 
I  dwimal  plaoa  la  im-ivased  ooo. 


If 
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Zaro-pmnt. 

I.  Point  of  Rest  with  Load 
of  12.052  gma. 

* 

II.  PoiDt  of  Rest  wiOi  Load 
of  12.053  rmii. 

Laft. 

Riiht. 

U(t. 

RiBbt. 

Laft. 

lUght. 

4.2 
4.6 
6.1 

17.6 
17.1 

5.8 
6.2 
6.6 

18.7 
18.3 

3.5 

3.8 
4.2 

15.8 
16.4 

Sum- 13.9 
Mean -'4.63 

34.7 
17.35 
4.63 

18.6 
6.2 

37.0 

18.5 

6.2 

11.6 
3.83 

31.2 
15.60 
3.83 

Sum  of  both  means=  21 .98 

24.7 
12.35 

19.43 

Mean                     —10.99 

9.71 

Sen8itiveness='12.35— 9,71  =  2.64  scale  divinons. 

12.35 - 10.99=  1 .36  scale  divisions. 

1.36  : 2.64=  0.5  mgm. 

Weight  of  crucible=12.052  +  a0005  =  12.0525  gma. 

The  sensitiveness  of  a  balance  varies  slightly  with  the  load. 
It  is  simplest  to  determine  once  for  all  the  sensitiveness  for  50 
gms.,  20  gms.,  10  gms.,  5  gms.,  and  2  gms.,  place  a  card  in  the 
balance  with  the  results  obtained  and  use  the  numbers  as  required. 

In  this  way  the  sensitiveness  of  a  balance 


with  a  load  of 

was  found  to  equal 

50  gms. 

2.23  scale  divisions 

20     " 

2.28     "          " 

10     " 

2.64     "          " 

5     " 

2.66     "          " 

2     " 

2.66     *'          " 

The  determination  of  the  zero- point,  however,  must  be  made 
with  every  weighing.  If  a  number  of  weights  are  to  be  made 
one  after  another  it  suffices  to  determine  the  zero-point  at  the 
beginning  and  at  the  end  and  to  use  the  mean  of  the  two  deter- 
minations. In  case  of  very  heavy  loads,  however,  the  zero-point 
should  be  deteimined  before  And  after  each  weighing  and  the 
mean  value  used. 
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Reductioa  of  Weighing  to  Vacno. 
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^ce  taoel  of  our  wa^iogs  Are  nude  in  the  air  mih  brass 
ita,  we  are  coastanlly  introducing  an  error  due  to  the  di»- 
it  of  air.     This  error  is  so  small  that  it  can  be  disregarded 
ordinary  analyses;    in  the  case  of  the  most  accurate  work. 
ever,  as  in  atomic   weight   determinaiions.   calibrations  of 
rn¥iln,  etc.,  it  should  never  be  Defected.    In  such 
the  apparent  wci^t  must  be  reduced  to  vacuo  as  follows: 
II  ex.  of  air  at  15°  C.  and  7G0  mm.  preasure  weighs  0.0012  gDi.=  L 
The  specific  gravity  of  braas  is  S.0  ^  s*.* 
The  specific  grmvity  of  the  suhitauce  weight«>«. 
The  body  that  weighs  po  gms.  in  vacuo  will  b«  balanced  by 
I  gms.  in  the  air. 

The  lose  in  weight  of  the  Babstanee  is  ^  i  gma. 
The  loss  in  wei^t  of  the  brass  w»ghti  is  ^  igma. 
The  total  loss  therefoce.  -  (^  Z-^  A 

like  wdg}it  of  air  was  given  to  two  significant  figures,t  and 
the  loss  in  weight  due  to  displacement  of  air  will  be  accurate 
only  to  two  significant  figures  when  this  value  is  used.  The  values 
p  and  pQ  will  be  the  san:>e  aa  rpicards  the  first  two  significant 

fiCOiEK.     Wc  may  substituve,  the>ttiore,  the  fraction—  for  ^  in 

(br  afaovp  flxpnssioa  for  the  total  lose  tn  weight  and  the  weight 
of  tlw  T'*^"T''"  in  ffocuo  ia: 


'^"■H-}]- 


rUL 


'  ■  deiMily  of  &4,  but  tbc  (kimtjr  of  coost  •Bftlylkal  weti^ta  ia 


t  SpiflaBat  6pim  uo  couotMl  from  th«  d«nm*l  point  beguioisg  with 

I  fitvt  di|cit  othrr  th&it  sero.    Thu*  the  numbers  1030.  kod  0.00103  each 

|W««  tikne  agufiauit  figum.    It  is  never  nfe  to  aMume  Uut  the  next 

woidd  be  a  •era  and  wheo  one  value  n  multiplied  or  divided  by 

Um  mtnumey  of  the  resolt  cannot  be  Kmter  than  that  at  the  lenat 

>  ol  the  origiRal  mmben.    In  aD  leientifio  nwaaaraaents  eaie  riunld 

lakas  to  grr*  tm  toany  and  do  more  figures  aa  are  oonaiatent  wHh  tbe 

iavohrvd. 


14 


INTRODUCTION. 


Instead  of  making  the  computation,  the  following  table  of 
Kohlrausch  may  be  uaed: 


BBDUCnON  or  a  WEIOHINQ  UADE   with  BBAS8  WEIOm<B  TO  VACUO. 
METHOD  or  F.   X0HLBAC8CH. 


fl 

k 

t 

k 

< 

h 

0.7 

+  1.66 

2.0 

+  0.45 

8 

-0.00 

0.8 

1.35 

2.6 

0.33 

0 

0.017 

0.9 

1.18 

3.0 

0.25 

10 

0.030 

1.0 

1.05 

3.6 

0.19 

11 

0.041 

1.1 

0.94 

4.0 

0.16 

12 

0.050 

1.2 

0.85 

4.S 

0.12 

13 

0.068 

1.3 

0.77 

6.0 

0.09 

14 

0.064 

1.4 

0.71 

5.5 

0.07 

16 

0.070 

1.5 

0.65 

6.0 

0.05 

16 

0.07S 

1.6 

0.60 

6.5 

0.03 

17 

0.079 

1.7 

0.56 

7.0 

0.02 

18 

0.083 

1.8 

0.52 

7.6 

0.01 

19 

0.087 

1.9 

0.48 

8.0 

+  0.00 

20 

0.090 

2.0 

+  0.45 

21 

-0.093 

&  =  1.20( p-T:J  mgm.    If  a  substance  of  specific  gravity* 

weighs  g  grams  in  the  air,  then  g  ■  k  mgms.  are  to  be  added  to  tiie 
weight  in  air  in  order  to  obtain  the  weight  in  vacua 
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Testing  of  Weights. 

Although  H  fa  now  possible  in  buy  nc&rly  perfect  weightfl,  yet 
tbdr  accuracy  fihould  always  be  tostcil. 

For  abnost  all  analytical  purpose*  it  matters  not  whether  the 
fiO  gm.  weight  weighs  exactly  50  gms.,  but  it  is  essential  that  the 
individual  weights  represent  the  corresponding  relations  to  one 
another. 

In  niofit  sets  of  weights  the  Following  are  found :  50  gm.,  20  gm., 
lOgm.,  W  gm.,  5  gni.,  2  gm.,  1  gm.,  I'gm.,  1"  gm.,  0.5  gm.,  0.2  gm., 
O.I  gm..  0  rgm.,  0.05  gm.,  0.02  gm.,  0.01  gm.,  0.01' gm.;  a  rider 
(wci^iing  either  10  or  12  mgm^.  according  as  to  whether  the  bal- 
WKc-arm  is  di\*ided  into  10  or  12  equal  parts  between  the  fulcrum 
And  the  point  of  ntspenaion  of  the  right-hand  balance-pan);  and 
muDy  smaller  weights  weighing  B,  2,  1,  1,  1  mgms. 

The  weights  may  be  tested  in  the  following  manner:  • 

The  aasumption  U  fint  made  that  the  sum  of  the  larger  weights 
equal  to  100  gms.  =°  tOO.OOO  mgms.,  and  the  weights  of  the  single 
L|)ueca  obtained  by  the  method  of  double  weighing  are  compared 
with  one  another,  e.g. : 

50  gm.  wt.  against  20+ 10+ 10'+  5+  2+ 1+ 1'+ 1" 


Ttlcht 
(20+10+10'+...) 

Right 
Mgm.+U.eimgm. 


ud  it  is  found: 

Left 
<1)  50gm.+0.31mgm.  ■ 

(2)  (20+10+10'+...)^ 

from  which  it  follows: 

--  .  0.:il  mgm.+ 0.61  mem.     ^^  ^  ,„ 

SO  |5m.+ ==— ^ i^-  =.50  gm.+  0.48  mgm, 

-(20+10+10'+...) 

SO  gm.  -  (20+ 10  f  10*+...) -0.40  mgm. 

*  Kobtnuueti,  LeiUiulim  ilor  pr&kL.  Pliya-,  V.  Auflaec>,  p.  34.  Se«  also 
T.  W.  RkhftRl*.  Joum.  Ant.  Cliem.  Soe.  (1900)  XXII,  144,  when  the  mclhod 
und  at  Uarvaid  ia  dcscnbed. 


n 
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The  otho*  weights  are  compared  in  the  same  way,  obtuning,  for 
example^ 

50  gm.  =  (20+ 10+ 10^+ . . .)  gm.+  A  mgm. 
20  "   "  10+ IC  +B    " 

IC  "    =.  10  +C    "    * 

(6+2+1+...)=- 10  +D    " 

in  which  A,  B,  C,  and  D  may  be  either  positive  or  negative. 

The  sum  of  the  weights  (50+20+10+10'+. . .)  was  assumed 
to  equal  100  gms.,  and  with  the  help  of  the  preceding  equations 
each  weight  is  expressed  in  terms  of  the  10  gm.  weight;    then 

10xl0+A+2B+4(7+2/)=(50+20  +  10  +  .  .  .)  =  100 gms. and 
the  10  gm.  weight  itself: 

A+2B+AC+2D 


10=10-: 


10 


_,        ,  ,  J,    A+2B+4C+2D  ^,  .^  . 

If  we  let  o  = — ,  then  we  obtam 

10=10  gm. -5 
10'=10gm.-5+C 
6+2  +  l  +  l'  +  l"=10  gm.-5+i) 

20=20  gm.-25+7J  +  C 
50=50  gm.-5.S'+^l+5+2C+J3 
=  50gm.  +  4.'l 

TTie  sum  ^A  +  B+2C+D—5S  should  equal  0,  which  serves  as 
a  test  for  the  accuracy  of  the  obser\'ations. 

The  5  gm.  weight  is  now  compared  with  the  2+l+l'+l"  in 
exactly  the  same  way,  with  the  result  that 

5-2+l+r+l"+o 
2-1+1'  +6 

r=i  +c 

1"-1  +d. 


*  It  ii  w«n  to  mark  the  weight*  of  the  «ama  deaoxoimaiiou  to  that  titty 
may  b«  diftinpiuhed  fiom  one  aoother. 
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Aeeoftlhig  to  the  prec«Ung  work 

5+2+ 1+ 1'+ 1"-  10,000-S+Z> 


«7 


10X1+0+26+ 4<:+2(f  =  IO,000-5+D 
n+2fc+4c+2rf+S-D 


1-1000- 


lU 


Ii  ve  let      a= r- ,  we  obtaia 

|  =  U)00-« 

r=iooo-«+c 

l''=IOOO-«+<i 
2=2O0O-2«+6+c 
5-=5000-5s+a+6+2c+d. 

In  the  same  way  the  smallnr  wragbta  are  tested  until  finally 
the  fuUuwing  correction  table  is  obtained. 

TABtX  FOB  CORRECTION  OF  VEICBT!!. 


lO-IUS  -^ 
l«'-to«.-S*C 


-!•«.-«+« 


l-lOBfr 


10 


>  -«»,-&«+a+l>+ 


u»«.-tf*D 


jLd-co.a+o.i-i-o.r 
I 


O.I  -OlR.-*" 
O.I'-O.I  «-*'  +  * 

i-0  I  «.'—»•  +  * 


I  «.-•+• 


0.1 


J-UI«.-»'  +  » 


IXOa  -«,U2  r  -  a#"  + 

-UK  tit 
O.OI-OOI  »-l"" 
00i'-O01«-«"4-n 


U.1  ».-«'  +  # 


•  ^— Oil6-l-0.in-l-0.0t  +Oi>l '  4-  nkUv.     {Rider-aOl  g.) 

Tbc  mOligram  weights  nmy  lie  standanlizcd  in  exactly  the 
AW  maimer.  It  is  much  more  convenient,  however,  and  the 
•ccttr«cy  attjuned  is  almoet  exactly  the  same,  if  inittead  of  using 
Ihmrj  venr  imaO  weights  the  rider  i»  hung  upon  the  whole 
dnriBMCM  of  the  balonce-ftrm  in  order  to  obtain  the  weight  in 
jnilKcriiiu;  for  the  cvtimatinn  of  the  fractions  of  the  milligram  it 
III  better  to  cfllculaty«  rhem  from  the  scnaitivcacas  of  the  balance. 


^ 
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The  weights  shotUd  never  br  touched  Ufiih  the  ftngers.  hut  should 
ttlxpiiys  be  lifted  by  mean*  of  t?ie  pincers  proitiifrf  unth  each  set,  and 
nothing  skotdtl  be  placed  on  or  remomd  from  Ike  baUituv-pans  tvith^ 
out  arrestijuj  the.  balance,  i,c.,  raising  (he  meehanieal  supports  so 
that  the  beam  no  longer  re$ts  upon  itt  knife-edges. 

Filtration  and  Washing  of  Precipitates. 

How  large  ahouKt  the  filter  he  and  how  many  times  should  the 
precipitato  ho  washed? 

With  roganj  to  the  latter  question  it  ia  evident  that  the  pre- 
cipitate should  he  waahod  until  the  solubh^  matter  is  completely 
removed.  It  is  clear,  howcvor,  that  this  point  will  never  ix  reached 
because  a  part  of  the  solution  aln'aya  remains  nn  the  filter,  but  it 
ia  not  difficult  to  make  the  amount  of  the  dissolved  sul>stance 
remaining  so  small  as  to  bo  ncgligihlt!.  When  the  amount  of 
dissolved  substance  remaining  on  the  filter  is  so  small  that  it  could 
not  be  deteeteci  by  our  balance,  we  conailcr  the  precipitate  to  be 
completely  washed. 

Tlic  aim  should  be  not  only  to  remove  all  of  the  soluble  matter, 
but  to  accomplish  this  with  afi  little  wash  water  as  pnssibK 

No  precipitate  is  absohitWy  insoluble,  so  that  it  is  clear  that 
evcrj*  unnecessary  excess  of  wash  water  causes  barm  by  removing 
A  fraction  of  the  precipitate,  and  the  greater  the  excess  of  the  wash 
water  the  greater  the  amount  of  the  precipitate  dissolved. 

The  amount  of  wash  water  to  l)e  used  depends  largely  upon 
the  nature  of  the  precipitate  il(*eir.  Amorphous,  gelatinous  pre- 
cipitates always  require  more  wiishing  than  crystalline,  granular 
ones.*  As  a  rule,  it  may  be  said  that  the  process  of  washing 
must  be  continued  until  the  euhMtance  wiiich  is  being  washwl 
out  can  be  no  lonpor  detected  in  the  last  fdtrate.  In  case  the 
filtrate  must  be  used  for  another  determination,  it  ia  obvious  that 
the  filtrate  should  not  be  tested  too  soon.  Wien  should  tho 
filtrate  be  tested? 

Let  us  assume  the  fdler  to  hold  10  e.c,  the  solution  to  drain 


*'nie  reason  why  »oiii9  prvripiUitM  requira  more  w: 
in  dua  to  tin-!  fu<rt  ihiit  tlie  deitrce  of  adsorption  varies. 
wiawoKhaftl.  Grundl-  dw  lualyt.  Cbem ,  p.  lf.1 


ah'ing  tltRn  other* 
(a.  Ortwald,  Di8 
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to  the  last  dmp  from  the  paper,  Uic  amount  of  the  solution  held 
back  by  the  precipitate  and  filter  to  be  1  c.c.  and  to  contain 
0.t  gm.  of  tfao  solid  substance  wliich  is  to  bo  removed  by  wash- 
ing. 

The  filter  ia  nite<I  to  the  upper  edge  with  wash  water  and 
aI1"we>l  \n  dmin  to  tim  last  drop  n  tinic^^.  until  not  more  than 
5/100  mgin.  of  ilie  sulwtauce  to  be  removed  by  washing  remiuns. 

According  to  our  assutnptigo.  9  c.c.  dmin  off  and  1  c.c.  reinaiui 
behind;  ViQ  have  consequently: 


« 


Removal  \tv  tlia 
wwliing.  0. 1  ■  0/ 1 0  gni. 

•'         O.t-9/lOl/lOKin. 
•*        0.l-9/lO(i/10j»gni. 


Tliere  rHDiMicix  Hft«r  the 
Irt  WMliing  0.1  ■  1/10  Km, 
2d        "        O.M/10-l/IOgra. 
3d        "        O.l-l/IO-a/10)»giii. 


ntb 


0.1.9/10-Cl/I0)'»-»gni.    nth 


O.I-l/10-CI/10>"-lgnL 


After  watdiing  n  times,  therefore,  the  amount  removed  by 
washing  b  the  amn  of  tlie  decreasing  geometric  series  of  which  the 
6rst  term  in  0.1-0/10  and  the  constant  factor  is  1/10. 

Id  case  n  «4,  the  sum  of  tlic  series  is 


,.«iiMzJ 


1^3- 


»  0.09000  gm. 


After  washing  the  precipitate  four  times,  therefore,  0.09999  gm. 
of  liie  impurity  has  been  removed.  Accorrlln^  to  the  aaisumption 
that  there  waa  originally  0.1  gm.  of  thix  substance,  there  remains 
in  tlio  precipitate  only  O.OOOdl  gm.,  or  in  other  words  a  negligible 
amount. 

Conw'ijucnlly,  tlio  filtrate  should  Ijg  ttwtwl  qualitatively  for 
the  sulxstonce  to  be  removed,  only  after  the  precipitate  has  been 
wanhdl  four  tinica. 

(tftrn  the  wu^hing  will  Ik'  fmiml  to  have  been  complete  after  the 
fourtli  WBfhing,  but  aa  a  rule  tlm  will  nut  be  the  case,  and  in  many 
it  win  be  founii  nectsiMity  to  repeat  tiie  operation  for  from 


d 
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ten  to  twenty  times.  In  the  processes  which  are  described 
U  will  usually  be  stated  how  far  to  carry  the  washing. 

Now  with  regard  to  the  second  point,  how  should  a  precipitate 
be  washed  with  the  least  possible  amount  of  wash  water?  Accord- 
mg  to  the  above  consideration  it  is  necessary  to  wash  every  pre- 
cipitate at  least  four  times,  in  which  case  the  filter  should  be 
entirely  filled  each  time,  and.  it  is  evident  that  the  size  of  the 
filter-paper  will  influence  the  amount  of  w^ash  water  uaed. 

The  filter,  therefore,  should  be  made  as  small  as  possible. 
Irrespective  as  to  whether  there  is  little  or  much  liquid  to  filter. 
The  size  of  the  fiUer  used  should  he  regulated  entirely  by  the  amount 
of  the  precipitate  and  not  at  all  by  the  amount  of  the  liquid  to  be  fil- 
tered. The  mistake  should  not  be  made,  however,  of  using  too 
small  a  filter.  The  precipitate  should  never  reach  the  upper 
edge  of  the  paper;  about  5  mm.  should  remain  free,  and  even  m 
this  case  the  filter  should  not  be  so  completely  filled  as  in  Fig.  4,  a. 


FiQ.  4. 


It  is  better  to  have  the  filter  filletl  about  as  much  as  is  shown  is 
Fig.  4,  6,  in  order  that  sufficient  room  is  left  for  the  wash  water. 

The  use  of  too  large  filters  is  one  of  the  inexcusable  aii> 
lytical  errors. 
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The  DiTmg  and  Igniting  of  Precipitates. 

Before  a  precipitntc  cnn  bo  wcighwi  it  must  bo  absolutely  dry. 
LThoee  prcripit-itwi  which  tin  not  umlcrgo  a  chango  of  weight  on 
Uicn  arc  treatwl  as  follows: 

(a)   THE  PRECIPITATK  IS  lOVlTED  DUT. 

This  method,  In  winch  the  prt'cipitatr  is  separated  fmm  tfio 
filter,  the  filter  burnt  by  it'^clf,  the  ash  mhletl  to  Oio  main  part 
of   the  precipitate    and   the  mixture  then   igiiitwl   to   constaril 

^'Weight,  is  ij))e<l  in  those  casM  when  the  igiiiteil  (substance  vi\\\  t>o 
rprfucod  by  the  burning  paiwr,  e.g.,  in  the  case  of  precipitates  of 
mlver  chloride,  Ica/l  !jul[)hate,  bismuth  oxide,  etc. 

In  order  to  pi-rform  ihi.s  operation  it  iafirnt  necessary  that  tho 
filter  and  precipitate  shouhl  lie  completely  driiil  at  100*0.  Tor 
tliis  purpose  tlie  funnel  containing  the  filter  is  carefully  covered 
with  a  piece  of  filter-paper,*  plaeat  in  a  dryirig-<r]oset  (preferably 
line  that  is  heated  by  steam)  and  dried  at  100°  C.  When  jier- 
fectly  dry,  a  weighed  enieibln  U  placed  upon  a  piece  of  glajed 
paper  of  alioul  20  sq.  cm.  (IHg-  6,  l(^ft)  and  the  dry  precipitate  ia 
carefuBy  shaken  into  the  crucible,  removing  it  from  the  paper  as 
completely  as  possible  by  gentle  rubbing  with  a^ilatinum  spatula. 
Any  small  particles  of  the  jirecipitate  which  may  have  fallen 
upon  the  glazed  paper  are  bnished  into  the  crucible  with  the 
aid  of  a  feather  (Fig.  6).    Small  particles  of  the  prer.iijiutc  will 

[Still  always  adhere  to  the  paper  and  these  must  be  weighed. 
In  order  to  accomplish  this,  the  filler  is  burnt  and  the  ash  obtained 

fia  either  weighwl  by  iteclf  or  mixed  with  tho  main  part  of  the  pre- 

jcipntste  and  weighed  with  it.f 

*  W«t  m  comnmo  cut  filler,  otntch  it  over  thn  ground  t'^p  of  the  funnd, 
■ad  thra  gmtly  tear  off  tttc  eupcrtluous  paper.  The  cover  IhUH  formal 
oanlintMi  lo  adhere  nftrr  dryinff.     FuM^aiuo,  QtuktiL  Clivrn.  Aimlyns, 

t  By  wing  filt*r-[Mprr  wliiclt   Iim  IjtH-n  carefuliy  washed  with  hydro 

eblorio  and   hytlrofluoric  uci'di,  it  is  peniiiwible    to  luvlect   tho  weight  of 

jam  aati  frotn  the  filter  itwlf.     With  an  unknown  pupi^r  it  is  ner<>j«ury  to 

f^daCwmlaa  the  miglit  of  the  uh  hy  n  separata  expcriineot  and  then  comet 

lb*  weight  of  the  prMi[dute  obtained. 


< 
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The  combustion  of  the  filter,  to  whicli  small  particles  of  the 
precipitate  still  ailhere,  is  best  at-'complished  by  Ihe  method  pro- 
|}08ed  by  Bunsen  as  follows:  The  filter  is  foM«l  together  ho  that 
the  pTt!cipitate  occupies  the  position  iiuHcated  in  the  sliadt'd  part 
of  Fig.  5,  a,  and  then  it  is  further  folded  as  indicated  by  ,9  and  y  of 
Fig.  5  to  a  narrow  strip.    The  paper  is  then  rolled  between  the 


fr    a. 


b    a. 


I-* 


Fm 


fingers  as  indicated  by  9,  bcRinning  at  6,  so  that  the  portion  of 
the  filter  which  U  free  from  the  precipitate  is  on  the  ouUiide.  The 
roll  is  no\Y  cnveloi^  with  a  previously  ignitwl  heavy  platinum 
wire,  the  wire  in  supported  (as  indicated  in  Fig.  C)  by  means  of  a 


X- 


I'lo.  0. 

CoHc  in  the  opening  of  a  porcelain  plate  and  the  filter  is  ignited  by 
means  of  the  gas-Hame.  The  flame  is  at  once  taken  away  and 
the  paper  allowed  to  bum  quietly.  If  carbonized  particles  still 
remain,  the  gas-flame  is  applic^l  repeatedly  until  it  is  no  longer 
possiljle  to  make  the  particles  ghiw  any  more.  (Too  strong  ignition 
Bbould  be  avoided.)    The  a&li  'u  then  added  to  the  conieiits  of  the 
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tzocible  by  Ecntle  shakmg  and  the  final  use  of  the  feather.  The 
eorer  ia  placed  on  the  crucible,  ichicfa  b  ht^teil  at  hrst  witti  a  wiall 
flaiDC,  the  tcvnperatuTv  being 
paduatly  increased  until  ttie 
prwcriUxl  temperature  of 
igiution  for  the  given  prti'ip- 
Itatc  b  reached.  The  Hanic 
is  Ijnally  removed,  Uie  cruci- 
ble ftllowed  to  cool  some- 
what, and  while  still  tram, 
but  not  ^omng,  is  pbccd 
b)  a  desiccator  (t'ig.  7). 

After    cooling   (at   leuat 
three  quarten*  of  im  hour  for  "*■  '• 

pnreelain  crucibles  and  2(1  minuter  for  platlmim  ones)  Uio  cniofbte 
and  its  contcnta  are  weighed. 

Many  precipitates  (silver  chloride,  lead  sulphate,  etc.)  are  aome- 

what  reduced  to  metal  by  Iho  above  irealino-nt.    A:*,  Imwevcr, 

these  metals  are  difficultly  volatile,  llicro  will  bo  no  low  of  the 

metal,  only  of  the  aoioii  (chlorino  in  llio  posp  of  silver  eldnrido 

^'•nd  SOi   in  the  ease  of  lead  sulphate).     This  low  may  be  readily 

WplacwI.    Tlie  metal  in  the  crucible  ia  nmiBidu-d  with  a  few  i\w\m 

of  tutrio  acid  to  dissolve  it,  a  fen-  drops  of  hydrochloric  aciti  (iu 

the  case  of  a  silver  chloride  precipitate),  or  oi  sulphuric  arid  (iti 

tlio  c«M  of  load  sulphate)  arc  added,  and  after  cvuporutiiiK  olT  Iho 

■«xetm  of  the  acid  the  eruciljle  i^  wci^liol.     Tlie  iiiiiy  (lati(;i>r  in  thia 

method  'm  that  in  bunting  tho  filler  the  anh  in  healed  toi>  hot,  ao 

that  «oQic  of  the  nxluced  metal  iiieltH  and  alloVH  with  tlie  platinum 

wirr.     If,  howe\cr,  the  lillor-papiT  i»»  roiled  up  on  wan  directed, 

there  is  always  wimf  pajj^r  f n-c  from  precipitate  Iwtween  llie  prncipi- 

'lata  aod  the  ]>latti)iim  wire,  yielding  on  axh  which,  althuugli  ita 

^Wijicfat  is  itiar4>r<»  table,  u  atill  suflieient  to  protect  the  wire  and 

prwent  the  mlucorl  metal  fmm  coming  in  contact  with  it,  providt.'d 

it  b  out  healed  elrongty  enough  to  melt  the  metal. 

iUny  pmcipitatis  (Mg(NH.)A«0„  K,PUV  (*^-)  b*^  rhangod 
mil  by  thb  tn»tment  tliat  it  wrmld  be  iiiipuesible  tu  obtain 
comet  naults.  In  such  canui  Uio  filter  cannot  be  burnt,  but 
it  is  previoualy  dried  at  a  detinita  tcmperatun  aiul  weighed; 
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aftcrwanla  the  precipitate  and  filter  are  again  dried  at  tlie  same 
tfmpcraliire  and  weighed  again. 

In  order  tu  dry  the  Alter,  it  13  placed  in  a  dr>'mg-oloset  * 
(Fig.  Sa)  upon  a  wntch-gluiis  and  near  im  open  weighing  beaker, 
the  temperature  xs,  brought  to  the  desired  iH>int  and  kept  there, 
with  the  help  of  the  thtrmo-regulaLor  T,  for  }  t>  1  hour.  By 
means  of  tongs  the  filter  is  quickly  placed  in  the  weighing  beaker, 
ami  the  lattor  in  a  desiccator  filled  with  calcimn  chloride  (Fig.  7), 
whflre  it  is  kept  for  exactly  1  hour.  It  is  then  covered,  removed 
from  tho  desiccator,  allowed  to  stand  in  the  air  near  the  balance  for 
20  mimitcs  and  then  weighed.  The  heating  and  weighing  is  ro- 
peated  onco  more  in  exactly  the  same  way  until  two  consecutive 
wcighingH  do  not  differ  by  more  than  0.0002-3  gm. 

The  precipitate  is  now  eoUeeted  upon  the  filter  and  after  dr>'ing 
the  filter  in  thg  funnel  at  100"  C.  tlie  filter  and  its  contents  are 
rnniiivcd  from  the  funnel  and  dried  in  e.\autly  the  same  way  as 
before. 

The  same  result  is  much  more  simply  and  accurately  accom- 
plished by  the  lUie  of  tlic  Gaoch  Crucible. 

This  ronsisls  (as  ia  shomi  in  Fig.  9,  page  25)  of  a  cru- 
c  bk-  with  a  ]H'rforated  butloni.  The  crucible  is  provided 
with  an  osbeatoii  filler,  weighed  afti-r  drjiiig  at  the  pre- 
Bpribe<I  temperature,  then  the  precipitate  is  filtered  oiT 
into   the    crucible,    which    is   again    drii-il    and    wo'ghctl.     Ttio 

•Tlie  ilrying-elowl  shown  in  Vir.  8*1  w  fitted  »itii  nix  removahle  jxirce- 
lain  flutes  vrliich  prt-veiit  any  oxi-le  rullitiK  fnm  die  metnllip  closot  walls 
upon  tiie  Bubstaiire  tn  br  Hrird.  rcmkriii^  it  imjiun?.  The  U|i|i>t  plat«  lias 
two  lii'li.*  borod  ill  it  tlirniif;)!  nlii^-li  tlirmtompicr  and  tli«riiio-r(.'i:\Jiitur  on: 
plamd.  This  uppor  plut«  i»  fastened  w  llie  top  of  tlio  closet  aa  follows: 
A  glaA-t  mil  provided  with  u  broud  nin  rr  and  bnlein^  out  at  oa  1a  piubcd  itp 
throujeli  tlift  opening  P  of  th«  porr^'Ifiui  plalo  (Fig.  y&l  nnd  A'  of  llie  uppt'r 
cirm't  wnll,  luid  thui  U  fa«l^-nME  by  placing  on  iwtiesiloii  ring  ,1  bi.-lw«vii  aa 
and  K. 

The  Irattom  plate  rwU  ujiori  a  heavy  Iron  vtro  eo  tliat  it  doni  not 
como  direcily  in  contnvt  with  thcs  boliomuf  tlie  closet. 

As  the  plnt«i  can  b«  eoeiiy  taken  out.  it  U  powiblr  to  elt-an  them  witliout 
difficulty.  The  only  part  of  the  apparatiia  ttuit  weum  out  in  lh«  Itottom, 
M)  that  it  in  lit^t  U>  hnve  the  rioaet  »li  thmt  it  may  bo  rcncn'ed  from  t4iae 
to  time  without  taking  the  appftrnitu  to  [ueces. 

Sevoral  fortos  of  electric  ovcus  are  aao  in  lew.  TIksd  rcqtiin  little  attCO* 
Uoa  and  can  tx:  rc^lat«d  to  almost  acy  deeuoj  tempf^ratune. 
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use  nl  these  eniciblca  jKrmits  sufli  accurate  nnd  rapM  work  that  it 
is  worth  uiiile  to  describe  Iho  method  of  using  them  more  in  detail. 

Preparation  of  Asbestos  Filters. 

Rome  long-fil>rcd,  soft  asbestos  ia  cut  into  pieces  )  cm.  long, 
and  digested  with  coneentrate<l  hydroehlorie  aeid  upon  tho 
water  bath  for  an  hour.    A  gooc!  sample  of  aslx^stos  will  then 

be  separated  into  very  small  fibres. 
Tho  mass  is  collected  in  a  funnel  with 
a  platinum  eotie,  orupon  a  filter-plate, 
and  waslied  with  ivater.  After  dry- 
ing, the  a.sbe.-4t(vs  may  be  i^itcd,  bat 
for  most  purposes  this  is  not  only  iin- 
ncccssar}'  but  disadvantagi'oua. 

For  the  preparation   of  a  Gooch 

filter,  a  small    floek   of  tho  material 

is  shaken  with  water  in  a  flask,  so 

that  a  thin  emulsion  \a  formed.    A 

piece  of  thiti  rubber  tubing*  (Fig.  10) 

is  Rlretclicd  over  a  fuancl  and  the 

crucible  T  is  placed  in   the  opening. 

The  funnel  should  be  larse  enough  so 

that  the  crucjble  is  sus^pended  by  tlie 

rubber  without  touching  the  sides  of 

the  funnel.    Kuough  of  the  emulsion  is 

poured  through  the  crucible  to  produce 

a  layer   of  I   to  2  mm.  thickness,  a 

small  fdtcr-plate  (Fig.  9.  P)  is  placed 

upon  this  layer  aud  some  more  of  the 

p,g  ](^  emulsion  is  |X)ured  into  the  crucible. 

Water  must  now  tx;  passed  tli  rough 

the  crucible   until  no  asbestos  fibre*  run  through,  and  in  order 

to  see  them  the  liquid  is  poured  into  a    smalt  beaker.     Usually 

such    a    filter   is   prepared  and  used  with    a    gentle    Buclion,t 

'In  place  of  rubber  tul)inK  Uaik-y's  Cooch  cniciblo  holder  or  Wiilter's 
Goocli  crucible  huMcr  luiij'  be  uaed  lo  ndvatiLage. 

f  Too  great  a  miction  xhoultl  not  hn  cm|>lu>-c<l  ifuriiiK  the  filtralion,  for 
ta  that  CAM  the  precipititc  or  even  the  aflbt^toa  itaelf  wiJl  be  so  compressed 
that  the  GltratioQ  will  be  prolonged  and  the  wasliing  rniulc  more  difficult. 
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but  in.  many   caaes  it  filters   more    rapidly  than  paper  with- 
out h. 

The  crucible  is  now  dried  at  the  profXT  tempcratuxx:  and  after- 

varda  wrigheU.     The  doing  and  tt  cigiiing  is  repeated  until  a  con- 

[rtant  Height  is  obtained,  when  about  half  a  liter  uf  water  'a  once 

I  pa —id  through  the  crucible  (in  orderto  be  sure  that  no  usbcsl  os 

'6bff«*  ran  through)  and  the  crucible  is  again  dried  and  weighed, 

•ItfT  vhich,  U  the  weight  is  constant,  the  crucible  is  ready  for  the 

EJtnitiDn. 

The  same  erucible  can  be  used  for  a  large  number  of  determinft- 
[tions.    When  the  amount  o{  the  proeipitate  in  the  crucible  be< 
too  Urge,  the  upper  port  can  be  carefully  removed  and  the 
^«nwS>lB  again  used. 

If  it  is  deond  to  ignite  a  precipitate  contained  in  a  Goocfa 
it  is  placed  (as  shown  in  Fig.  II]  within  a  larger  porce- 
cmcible  and  heated  at  firet  ^ 

itljr  and  finally  more  stmngly, 
when  nceeBsary  it  can  even 
healed  over  the  blast- lamp. 
For  many  puipoees  it  is  prefei^ 
L«ble  to  nae  mstead  of  the  Gooch  '''^^- 
a  ^aas  tube  with  an 
fiher.  This  is  particu- 
[hufy  demrable  when  it  ts  neeea- 
[aaxy  to  beat  the  precipitate  in  a 


Pu.  lU 

The  ao-callcd  Utmroe  crucible,*  m  which  the  filtering  medium 
CMMitta  of  a  porous  fdt  of  spongy  platinum,  is  a  modification  of 
the  Gooefa  crucible  which  permits  rapid  and  accurate  work.  The 
prepared  by  igpiiting  a  carefully-dried  layer  of  ammonium 
which  has  been  poured  over  the  bottom  of  a 
Gooch  crucible  in  the  form  of  as  alcoholic  sludge  while 

[fe?  faAVUK  tl«  rrodbk  ■■n>f»Hrri  free  by  dae  nUbn,  tte  poMbOity  of  esi- 
[|lnjim  tno  bhkIi  wctioa  ia  tvoiAtA^  tor,  am  totm  m  Uua  hM  (cached  ft  ecrtaia 
Ihc  ur  M  broad  betwvm  the  mfabef  ut  j  Lh»  sidaa  of  tb*  midbie,  ■> 
Ifcst  ««ka*c  tbc«ff«rti]f  »Hl«tr-«^*«lo>e7TtAui«x'«at. 

CE-Hwiic.  J.AnaLCtea..Si24l:  ClK^Nin'^n^lOI.    See  aUo 
,lr.  O.  fladbc  J.  Am.  Cfcou  Boe.  SI.  iS«.  aad  O.  D.  ItveU,  A^i  n,  «B. 
nittmrm  (hw  a  Ottke  «f  MttaUs  aolTCBCa  Cor  r^nrlag  (piMd  pm- 
tnm  tht  Maaroe  cr«e2>le. 
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the  crucible  is  held  against  several  layers  of  filter  paper.  Th« 
felt  can  be  shaped  to  the  crucible  during  the  ignition  and  subse- 
quently burnished  lightly  with  a  glass  rod  of  suitable  form.  In 
case  imperfections  develop,  the  felt  should  be  saturated  again 
with  chloroplatinic  acid,  the  crucible  slowly  lowered  into  a  moder- 
ately concentrated  solution  of  ammonium  chloride,  washed  with 
alcohol,  dried  and  ignited. 

The  use  of  an  electric  furnace,  Fig.  12,  is  very  convenient  for 
igniting  the  crucible  and  its  contents,  especially  in  the  case  of 


Fio.  12. 

those  precipitates  which  are  likely  to  undergo  change  on  coming 
in  contact  with  a  reducing  flame. 


(&)    THE    PRECIPITATE   IS  IGNITED   WET. 

Those  precipitates  which  do  not  suffer  any  permanent  change 
by  the  action  of  the  products  of  combustion  of  the  filter  may  be 
ignited  wet.  The  precipitate  is  allowed  to  drain  as  much  aa 
possible  and  while  still  moist  the  filter  and  precipitate  are  placed 
in  a  platinum  crucible,  the  paper  being  pressed  down  against  the 


filler,  tboi  Bcorr)ir^.  r.irlx>ruzcg,  &nd  fioaJIy  bums  it.  Th« 
Bune  ■  then  alowly  movnl  backw&rds  under  the  rruciblc  until 
finally  tbr  cnicJtik}  ts  subjected  to  the  whole  heat  of  the  burner, 
a/ler  which  it  can  be  huit«l  over  the  blast-lamp  if  neceffiaiy. 

*  la  F%.  13,  the  inner  ufaacle  is  {daliouin  wire,  the  out^r  uiuiide  is  bnavjr 
b«B  wii*.  Trisofka  of  fund  riBea  or  of  nicloel^hroiiiiuin  alloy  w  suitable, 
tm  platinum  aUoya  witb  inn,  so  that  a  bM  cfaeQib  ifaouU  Davsr  be  plaocd 
im  •aoun  vitii  troo  win. 


Fig.  14. 


Fin.  15. 


Tlie  runnel  in  suspended  abo\'o  the  dish  by  means  of  a  porce- 
lun  Tiirk  fnKtenod  to  tlie  iron  rod  (covered  with  hard  nihber)  which 
in  iittachcd  to  the  wator-bath. 

In  case  the.  laboratory  is  provided  with  a  glass-covered  hood 
witli  A  g<MKl  draft  tlie  use  of  the  fimuel  ts  unnece8sar>'. 

If,  however,  the  hotid  is  directly  connecte'^I  with  the  chimney 
it  often  happens  tliat  on  a  windy  d»y  a  considerable  amount  of 
dual  falls  into  the  kuod. 
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In  order  to  p^e^'ent  this,  the  author  has  made  use  of  the  fol- 
lowing contrivance  which  has  worked  ven'  s;i.lisfactori]y  for  some 
years.  Tliehoo<l  isprovidclwith  a  glass  roof,  ao,  Fig,  15,  and  about 
15  cm.  below  there  is  a  seconcl  glass  plate  lb  which  does  not  quite 
touch  the  inner  wall  of  the  hood  but  is  about  3  cm.  away  from  it 
throughout  its  whole  length.  Between  the  two  plates  there  pro- 
^Jects  a  clay  pipe  H,  about  li>  cm.  in  diameter  and  about  ^  cm, 
Ixive  the  inner  c^ge  of  the  tower  glass  plate,  leading  directly 
into  the  chimney /l,  in  which  there  is  a  small  gas-flame  (not  shown 
rin  the  Ulustration).  Any  dust,  sand,  etc.,  from  the  chimney  falls 
ipon  t!ie  pbtc  hb;  none  can  get  into  the  hood. 

In  tho  c\'aporation  of  liquids  on  the  water-bath  in  weighed 
^pblinum  crucibles  or  (Ushes,  the  platinum  should  not  come  in 
itact  with  cop;tcr  or  glass  rings.    As  a  rulcj  porcelidn  lings  should 
be  used.    In  case  the  crucible  is  smaller  than  the  ring,  use  !b  made 
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Fic.  Iftn.—Wntcr-bath  with  porcelain  ring, 
platinum-braM  cone,  awit  cniciblo. 


of  a  truncated  hnuB  cone  turned  bark  at  ihe  base  (Fig.  10),  and 
lined  with  thin  platinum  foil.  This  is  su.spL>nded  in  the  ring  and 
Um  mn'iblc  pUccd  within  the  cone  (Fig.  16fl). 

During   evaporation    many    substances    have    the    prop<^rty 
of  "crw^ping"  over  the  cilgr  of  the  crucible  or  dish,  often  causing 
Blight  lost  of  the  substance;  furtbermure  there  is  of(en  "  bump* 
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tng,"  80  tliat  in  some  cases  the  entire  contents  are  tlirown  out  of 
thp  crucible  (cf.  the  deteniimatiun  of  boric  acid  accortling  to  the 
method  of  Gooch).  Both  of  these  phenomena  can  be  readily 
prevented  as  follows: 

The  crucible,  at  tlie  most  not  more  than  two-llnixls  filled  with 
liquid,  is  placed  in  the  cylindrical  tin  or  bratss  8])iral  kk  (Hg.  17). 


Fta.  17. 
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The  first  two  windings  of  the  metallic  spiral  come  into  cloee  con- 
tact with  the  sides  of  the  cnicible  ahm-e  the  lu/uitl,  irhile  the  re- 
maining windings  should  not  touch  the  entcible.  When  steam  U 
passed  through  t!ic  spiral  the 
upper  part  of  the  crucible  is 
warmed  firet.  so  that  there  is  no 
spattering,  an<l  furtheiTnore  by 
keeping  the  upper  edge  ht)t  dining 
the  whnle  of  the  cvai>oration  all 
"creeping"  of  t!'C  substance  is 
avoided.  In  this  way  it  is  possible  to  evaporate  off  alcohol  rapidly 
without  boiling  the  liquid. 

In  case  it  is  desired  to  evaporate  high-boiling  liquids,  such  as 
sulphuric  arid,  amyl  alrohol,  etc.,  the  crucible  is  either  heated 
cautiously  over  the  free  flame  (contintially  moving  it  hark  and 
forth)  or  else  the  cnu'ible  is  placed  in  an  air-bath,  which  can  bo 
prepared  in  sonic  such  way  as  is  rcprcaontcd  by  Fig.  IS. 


Fia.  IS. 
a^asbestoa  ring. 
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Drying  Substances  in  Currents  of  Gases. 

Substances  may  be  dried  at  a  high  temperature  in  a  current  ol 
sir  or  of  carbonic  acid  in  a  number  of  different  ways.  An  oil-bath 
providod  with  a  number  of  copper  tubes  (Fig.  19)  may  be  used. 
The  substance  contained  in  a  small  "boat"  is  placed  in  a  glass 
tube  and  the  latter  in  one  of  the  copper  tubes.  The  gas  is  now 
psflsed  through  one  or  more  of  the  empty  tubes  (so  as  to  warm  it), 
and  tbea  through  the  tube  contaitiing  the  subetance. 


X^'  ^"•;; 
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Fi<j.  19. 
M^^/A»  wifii  tbcnnoiiwU-r  fur  lucMuiin^  tlie  tuuij^rature  of  the  gu»«trcain. 

Vtx  order  to  heat  a  crucible  in  a  current  of  carbon  dioxide, 
ppse  can  be  made  of  Piiiil'H  ilr}'ing  oven  (Fig.  20).    Tlie  crunble 

placed  in  the  glass  pipe  R  and  the  pipe  and  copper  cylinder  K 
Are  covered  with  watch-glasHca.  Dry  carbon  dnxido  is  conducted 
through  the  stem  of  the  pipe,  and  tlio  oven  can  be  heated  to  any 
desired  temperature. 

In  case  it  is  desired  to  eraporate  off  a  liquid  in  a  flask  and  to 


The  solution  is  placed  in  the  open  Erlcnmcyer  flask  K  and 
evaporated  as  i&r  rs  possible  over  the  free  flame.    The  flask  i? 
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then  ptapptl  in  a  mrtal  boakcr  siicpeinlod  in  an  oil-bath  (Fig.  2la), 
and  »ir>"  air  is  sucked  throuKli  the  apiral  copper  tube  kk  as  shown  in 
the  tllustratioa.    Fig.  21b  shows  the  separate  parts  of  the  apparatus. 

PREPARATIOrr  OF  THE  SUBSTA5CE  FOR  AnAI,YSI& 

It  is  very  difficult  to  give  gpnend  nilcs  for  tdo  preparation  ol 
eubetances  for  analysis,  for  it  w  nect-ssjirj'  to  proceed  diflferently 
in  different  cases.  For  a  scientific  analysis  (i.e.,  one  io  which  it 
Ib  deared  to  determine  the  atomic  compoi^ition  of  a  subatunce) 
It  is  necessary  to  choose  pure  material  for  the  anal>-si8.  Allhuugh 
this  sounds  so  simple  tt  is  often  one  of  the  most  difhcult  conditiutLs 
to  fulfil.  Many  substance*  arc  hygroscopic  and  absorb  moLsturo 
from  the  air,  which  can  Ixs  removed  by  heating  the  sulj«tauce  or 
by  simply  allowing  it  to  stand  in  a  desiccator  over  calcium  chlo- 
ride, provided  tlie  substance  itself  undergoes  no  change  by  this 
treatment  Xfany  sut^tancfts  containing  water  of  crystallizatioQ 
cannot  c\'cn  be  dried  in  a  desiccator,  but  must  l>e  analyzed  wr-dry. 
In  ftU  cases  it  is  necpssarj'  to  determine  whether  the  substance  to 
be  analyzed  possesses  a  constant  weight. 

For  tecitnical  analyset,  the  purpose  being  to  detomiine  tlie  cost 
or  sclUng  price  of  an  article  or  t*j  control  its  manufacture,  the  sub- 
BtanoG  must  be  analyze«.l  a$  it  is.  In  such  a  case  the  sjimiilc  should 
repnKDt  as  far  as  pocisible  the  average  composition  of  the  product. 
For  our  work  we  are  concerned  chiefly  with  scientific  analyses 
and  the  first  substances  to  be  analyzed  are  easily  crystallized 
from  waKr. 

Many  commercial  salU  are  prepared  extremely  pure  and  could 
beaualytcd  directly;  in  most  cases,  however,  wc  obtain  them  after 
thoy  have  stood  for  some  time  in  the  air  and  after  they  have  been 
ttandJed  somewhat,  so  that  they  are  not  so  pure  as  when  freshly 
prvpAred.  Coniwqueiitly  in  case  it  is  desired  to  test  the  accuracy 
of  an  analylicjil  process,  the  purity  of  a  commercial  sample  should 
never  be  tttken  for  granted.    The  substance  should  be  purified  by 

Recrystall  Izati  on. 

Ten  or  fiftem  grams  of  the  commercial  salt  are  dissolved  b 
the  least  puoHibk  amount  of  hot  water  (it  is  best  to  use  not  qitfte 
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enough  water  to  completely  dissolve  the  substflnce)  and  the  hot 
solutioa  is  rapidly  poured  through  a  platted  filter  contained  in  a 
tunnel  the  Rtcm  of  which  has  boon  broken  off  (Fig,  22).  This 
serves  to  remove  all  dust  or  other  insoluble  impurity.  The  filtrate 
is  received  with  constant  stirring  in  an  evaporating-dish  and  ia 
rapidly  cooled  by  placing  the  diah  in  a  larger  one  containing  cold 
water. 


Fra.  22. 

By  means  of  the  rapii!  cooling  and  constant  stirring,  the 
salt  is  obtainctl  in  the  form  of  a  co'^tJ^Hin^  powder,*  which  is 
filtered  off  by  poiirina;  through  a  funnel  provided  with  a  perforated 
platinum  cone.  The  mother-liquor  is  removed  as  much  as  possible 
by  moans  of  suctJon.  The  purity  of  the  sxihstance  is  then  tested 
qualitatively  by  means  of  some  suitahle  reaction.  In  case  it  is 
sUll  not  quite  piire,  the  same  process  nf  rerrj-stalliKation  must  be 
lepeated  until  the  presence  of  no  impurity  ran  be  detected. 

The  pure  but  still  moist  laibstancc  is  placed  upon  a  layer  of 
several  thicknesses  of  clean  filter-paper,  cnvereil  with  anuthcr  sheet 
of  the  same  and  allowed  to  stand  for  twTlvc  hours  at  the  ordinary 
temperature.  One  or  two  grams  of  the  substance  are  then  weighed 
upon  a  tared  watch-glass,  placed  upon  a  dry  glass  plate,  covered 
with  another  watch-glass  and  allowed  to  stand  for  several  hours 
moie.    If  the  substance  shows  no  change  in  weight  it  is  ready  for 


•  Ijirco  cryilnls  wimM  Ix!  ot>t.^ini^l  by  allowliiji  the  tKilution  !o  cool 
alnwly,  titit  tlii'v  ar«  not  dvnrsblc,  as  thi'y  umuUly  conuuii  more  cmrloaed 
tnotber-UqUor  ttnui  do  tlie  smallor  crystals. 


PRBP.4fl.-tT ON  OF   rse  ^-i^Wr.JACft'  ^XV<  .-W-iiySiS.  \} 

vudjmB.  Otdienrise  h  oium  be  <irWvE  lu  ;V  »^  \m(U  H  u«,)'  V.4VfVK 
shows  i  chiuigi  in  wvucfiB.  U  ts  tiv^J  jysrtikWit'ik''  S\»  Uv>  *ho  »wk^ 
stance  in,  s  desicttiCiic  *iWE>t  la  thv*!*'  vAs^ti  iw  whWK  (hv«  »\tttemvNV-\k 
wiH  not  Ti»e  w^ictfr  of  vn'^taltU»iuMi.  lVtui\U'<HH'>ttl  li^Wt^uvsv 
of  coarse  sfaotiH  not  be  alk>wt\t  ti»  n^iualu  t^\)m2hx|  |a'  \\w  Htv  i\^ 
very  long,  ^^t-h  suh5taii(\>is  imist  U*  »iuiokl,v  \\xwn\  \\\*\\\\  n  |mh«H)i 
plate  and  transferred  as  ^x>u  »8  tHtssihUt  (o  a  ttmik  )(mvitUHl  \\\{\\  tK 
closeh*  fitting  ground-glass  stoptHT.  l>\irtltttr  niltKi  fur  i\w  pivjium- 
tion  of  the  substance  for  aualysid  will  Uu  glvtut  uuiliif  t-\w  ti\iw\tt\ 
cases. 


PART   I. 

GRAVIMETRIC  ANALYSIS 


A.  GRAVIMETRIC  DETERMINATION  OF  THE  METALS 

(CATIONS). 

METALS  OF  GROUP  V. 

POTASSIUM,  SODIUM,  LITHIUM,  AMMONIUM,  AND  MAGNESIUM 

POTASSIUM,  K.     At.  Wt.  39.10. 

Fonns:*  KCl,  K^SO^,  KjPtCI,,  and  KCIO,. 

X.  The  Determination  as  Chloride. 

This  compound  U  chosen  for  the  determination  of  potassium 
when  it  is  alreatly  present  as  such,  or  in  case  the  salt  to  be  analyzed 
may  be  changed  to  the  chloride  by  evajioration  with  hydrochloria 
acid.  If  the  potassium  is  present  in  the  form  of  its  sulphate  it 
may  be  transformed  to  the  chloride  by  precipitation  with  barium 
chloride  (sec  silicate  analysis);  if  it  is  present  as  the  phosphate, 
the  phosphoric  acid  may  be  precipitated  as  basic  ferric  phosphate 
(Vol.  I,  p.  337,  Ed.  IV);  or,  finally,  if  it  is  present  as  chromate 
the  CrOr  ions  may  be  reduced  to  chromic  xons  by  evaporation 
with  hydrochloric  acid  and  alcohol  and  then  precipitated  by 
ammonia  and  filtered  off. 

In  almost  all  of  these  cases  it  is  a  question  of  separating  the 
potassium  chloride  from  the  aqueous  solution  and  in  most  cases 
of  separating  it  from  ammonium  chloride  as  well. 

First  of  all  the  solution  is  evaporated  to  dr^'ness  on  the  water- 
bath  in  a  platinum  dish  (or  if  necessary  a  thin  porcelain  dish  may 

*  Under  this  heading  will  be  given  in  every  case  the  symbols  of  the  com- 
pounds suitable  for  the  determination  of  the  element  in  qaestioD. 
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be  subetituted],  taking  the  precaution  cf  stirring  the  liquid  fm* 
quently  with  a  hea\'3'  platinum  wire,  as  soon  as  the  talt  l»cginfl 
to   aeparatc    out,  in  order   to   hasten  the  evaporation    of   the 
CDckwed   water.      In  spite  of   long-continued  heating  and  ron- 
tinua)  stirring,  however,  it  is  not  possible  to  completely  expf-I  all 
of  the  water  encloBed  within  the  coastals;  this  is  effected  by  eovo 
ing  the  dish  ^rith  a  watch-glasa  and  dr^'ing  in  the  hot  closet  for 
an  hour  or  two  at  ISO^-ISO*"  C.      The  covered  dish  is  then  placed 
upon   a  platinum   triangle   and   catit'iniisly    heated  over  a  free 
flame,  holding  the  burner  in  the  Imtid  and  imparting  to  it  a  fanning 
motion.    The  dish  is  kept  covered  as  long  as  a  decrepitating  sound 
can  be  heard.    The  cover  is  then  taken  cS,  any  ammonium  chloride 
OD  it  is  removed  by  careful  heating,  and  it  is  then  pluceil  upon 
another  clean  waUh-glass.    The  dish  is  then  heated  again  over  tlie 
constantly  moving  flamo  uiitil  the  vaj^ore  of  anuuuniiim  chloride 
cease  to  be  gi>-en  off,  care  being  taken  not  to  heat  ttie  p<}tasMum 
chloride  too  strongly  on  account  of  its  volatility.    Any  potaBsium 
chloride  remaining  on  the  cover  is  then  washed  into  the  dish  by 
means  of  a  little  water,  the  salt  in  the  dish  is  brought  into  solution 
by  rotating  this  water  in  the  dish  and  the  ahnoRt  ever-present 
earfoon  particles  (from  the  carbonization  cf  pyridine  bases  u^ially 
present  to  a  sliglit  extent  in  the  ammonia  and  ammonium  chloride) 
ue  filtered  off  thrvugh  a  small  filter  into  a  winghed  platinum  cruci- 
ble.   A  few  drops  of  HCI  are  added,  the  cotttenls  of  the  crucible 
evaporated  to  dmicss  on  the  water-bath,  again  covered  and  atlowod 
to  mmun  in  the  drying-closet  for  one  to  tmi  hours  at  I30°-150°  C. 
and  once  more  heated  over  the  frco  flanio  tmtil  all  decrepitation 
baaoeasod,  when  the  crucible  is  allowed  to  cool  in  a  desiccator  and  is 
woghfld.    After  thi.s  the  crucible  is  again  heated  for  a  few  momr-nts 
over  the  free  name  »o  that  the  bottom  of  the  crucible  becomes  a 
dark  red  (the  cover  of  the  crucible  must  not  be  lifted  during  this 
upcratinn);  it  is  a1k>wctl  to  cool,  and  is  again  weighed.    The  proo- 
BS  is  repeated  until  a  constant  weight  is  obtained. 

In  the  caac  of  every  analytical  ojieration  the  heating  and  wdgh- 
ing  must  alwaj-s  ho  repeated  until  two  consecutive  weights  are 
thevune.  Therefore,  whenever  theterms"heated"  (or  "ignited") 
and  "  weighed  "  are  used  in  this  book,  it  is  to  be  always  understood 
that  a  cu:i.-tu:U  we^iilit  is  to  be  obtained. 
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This  method  is  capable  of  yielding  exact  rosulta. 

Example:  Determination  of  Potasmttm  in  Potassium  liicJiromate. 
—Commercial  pnttLisium  bichromate  usually  tontains  potassium 
sulphate  as  impurity.  The  salt  is  therefore  purified,  as  described 
on  p.  3St  by  reorj'stallizing  three  times  from  waterj  placing  th« 
moist  en'stals  in  an  evaporating -dish,  heating  on  the  water- 
bath  with  const-ant  stirring  and  finally  drying  to  constant  weight 
in  an  oil-bath  at  130°  C.  (cf.  p,  33)  in  a  current  of  dry  air. 

The  dry  substance  is  then  weighed  iipon  a  tared  watch-glaas, 
placed  in  a  300-c.c  porcelain  evaporating-dish,  treated  with  10  c.c. 
of  concentrated  HCl  and  5  c.c.  of  alcohol,  covered  with  a  watch- 
glass  and  warmed  upon  the  water-bath  until  the  soKitlon  becomes 
a  pure  emcrald-grecn.  Any  solution  which  may  have  spattered  up 
on  the  cover-glass  is  washed  into  the  dish  by  means  of  a  stream 
of  water  from  the  wash-bottle  and  the  sohition  is  then  e^'aporated 
to  dryness.  About  2  c.c.  of  concentrated  HG  and  200  c.c.  of  water 
are  now  added,  the  liquid  is  heated  to  boiling  and  precipitated 
with  ttio  least  possible  excess  of  ammonia,  filtered  and  washed 
with  hot  water  until  1  c.c.  of  the  filtrate  evaporated  upon  the  cover 
of  a  platinum  crucible  leaves  no  residue.  If|  however,  on  making 
this  test  a  residue  remains,  it  miist  be  redissolvetl  in  water  and 
added  to  the  rest  of  the  filtrate.  After  the  washing  is  found  to 
be  complete,  the  filtrate  is  evaporated  to  dryness  as  previously 
descriij«l,*  the  ammonium  chloride  expelled,  aud  the  residue  of 
potassium  chloride  is  weighed. 

If  a  is  the  amount  of  potassium  bichromate  taken,  and  p  the 
weight  of  potassium  chloride  obtained,  the  amount  of  potassium 
present  in  the  potassium  bichromate  may  be  calculated  as  follows: 


KC1:K      =p:« 
74..56:39.10  =  p:» 

£=;— ^p=wcight  of  potassium  in  a  gm.  of  bichromate  and  iii 
74.. "JO 

pcreentago 

100X39.10  p  .    „ 

•  Frequently  a  little  Cr{OH),  Ewspamtes  out  rfuring  the  eraporatioo;   H 
must  be  filtered  uS  aud  woAbcd  Crec  from  Uic  solution. 


DETBRMtSATtON  OF  POTASilUM  AS  POTASStUM  SULPHATE.  At 

It  is  customary  to  carry  out  the  analj-sia  in  duplicate  and  to  be 
ktiafied  otity  when  two  closely  agreeing  reaiills  are  obtalneJ,  of 
which  the  mean  i&  taken  t>a  the  true  value.  According  to  tlie  above 
niet'iod  resulta  are  obtained  wliich  are  slightly  lower  than  the  theo- 
retical >'alue,  but  this  should  not  amount  to  more  than  0.15  per 
oent,  and  the  two  "check"  detcnniimtious  shoukl  not  differ  by 
more  ttian  0.1  per  cent,  from  one  another. 


J,  Determination  of  Potassium  as  Potassium  Sulphate. 

This  method  is  chosen  when  the  potassium  is  already  present 
In  solution  as  the  sulphate,  or  when  it  is  in  such  a  form  that  it  can 
be  rt-adily  changed  to  sulphute  by  evaporation  with  sulphuric 
•oidj*  it  is  most  frc(|ucntly  used  for  determining  the  amount  of 
potassium  in  conibinntion  with  organic  acids. 

Hince  the  sulphate  of  poUiH>ium  is  much  les^  volatile  than  the 

rhloride,  it  is  odvisiblo  to  choose  this  method  in  case  no  other  metal 

.h  presfsit.    On  the  other  hand,  when  it  is  nccoiHary  to  separate 

'potunum  from  sodium,  it  is  jireferuble  to  have  the  ixituessiuni  in 

the  fonn  of  the  chloride. 

Example:  Deiermination  of  Potagsiitm  in  Potasskan  Bichromntf. 
—About  0.5  gm.  of  the  purified  and  dried  salt  is  wdghed,  SB  descrilied 
under  I,  intoa300-c.c.  porcelain  evaporating-dish,  treated  with  20 
e.e.  of  a  freshly  prc|}ared,  siitiinitetl,  miueous  sohitiim  of  eulphiir 
dioxide*  and  5  e.c.  of  Joublc-nonnal  sulphuric  aciil.  The  dish  is 
oovereJ  with  a  watch-glaas  and  wanned  un  the  water-batli  until 
tbpre  i*no  further  evidiition  of  gas  perceptibli;,  when  thy  pover-glass 
ifl  rins?  I  (iff,  reniiivi^  I  and  Ihe  solution  evaporatird  almoi^t  to  ilrynew. 
About  200  C.C.  of  water  arc  now  addeil  and  the  chromium  is  precipi- 
tated from  the  boiling  M)luti<m  by  ineaiu;  i>f  the  slightest  pot^ible 
CXOBM  fif  ammonia.    The  precipitate  ia  filtered  oiT  and  waahetl 

*The  mlutJon  of  vnlphur  dioxide  may  be  prepftred  u  foUowt:  Into  a 
300-c.F.  Erlvnmni-r  (Innk  abuut  150  c.c.  at  a  sicturated  sodium  bimilphita 
nltitkin  u«  plnred.  nnd  miiivntratrd  sulphuric  acid  is  slowly  ndded  from 
>  drop-fiiiinet.  caUHnf(  n  Iivc'ly  rvolution  of  SO,  gas.  This  gss  ts  pusnl  fint 
iato  »  «niiill  wwiMicrtUe  coritaininK  wittrr  imd  tlien  into  another  flaak  ol 
dbtiDod  wnUir,  wliich  is  kept  cool  by  pW-ing  it  in  u  IjirKcr  vnwl  filkil  with 
hU  water.  Wlwn  t)ie  evolution  of  tbo  SO,  bfigius  to  sbckea,  it  cut  b* 
.  UMoIefatAd  by  gcnllc  vranuiiig. 


GRAytMETRlC  ANALYSIS. 


until  it  can  be  shon-n  by  the  teat  applied  under  1  that  it  is  com- 
pletely free  from  tlio  soUition,  The  filtrate,  cnntaining  both  potas- 
aum  and  ammnniurn  salt.';,  is  evaporated  in  n  platinum  dish  to  dr>*- 
nes.'s,  the  ammonium  flii!phat<*  is  removed  by  gentle  ignition  (the 
salt  meltH  and  gases  are  evolved),  the  residue  is  dissolved  in  as  little 
water  ai  possible  anil  tran.^r<'rred  to  a  weighed  platinum  crueible. 
After  iM-ing  evaporated  on  the  water-bath  to  drjTiess  the  bottom 
of  the  crucible  is  heated  by  means  of  a  free  Hame  to  dull  redness 
until  SO3  vapors  cease  to  eome  off.  The  crucible  ia  allowed  to  cool 
in  a  desiccator  ami  then  weighed.  A  piece  of  ammonium  carl>onatc 
the  sixc  of  a  pea  Is  placed  in  the  crucible  (see  below),  which  is 
Again  healed  and  wi/ij^lntl,  tlio  process  being  repeated  until  a  con- 
Gtant  weight  is  obtained. 

If  o  is  the  weight  of  mibstance  taken  and  p  the  Wfflght  of  the 
K,SO,  obtainoii,  then  the  [MTcrntJigi!  of  potjissiura  in  the  potassium 
bichromate  may  be  calciulutnl  tu^  Fnlltiv^-s; 

K2S04:K2     =p:» 
174.27: 78.20  =p:ff 

7S.20 
""174:27^ 

7S  20 

100X78.20  n  ^  _ 

and  *°     yj^21     'a     P*^  '^°*-  ^ 

In  order  to  determine  the  amount  of  potassium  in  or;ganie  salts, 
a  wdghed  sample  is  placed  in  a  large  platiimiu  crucible,  moistened 
with  a  httle  concentrated  sulphuric  acid,  and  lieated.  over  the 
free  flame  exactly  as  in  the  case  of  igniting  a  moist  precipitata 
(p.  29),  placing  the  crucible  in  an  incliuud  i>osition  and  liirectitig 
the  flame  against  the  cover  of  the  crucible.  Thick,  white  fumes  of 
sulphuric  acid  are  soon  evolve:!;  as  soon  as  these  begin  t«  diminish 
in  quantity  the  flame  is  gradually  brought  toward  the  base  of 
the  crucible,  finally  heating  it  to  a  dull  red  until  no  more  vapors 
are  given  off.  The  mass  remaining  iji.  tlie  crucible  now  consista 
of  K^jO^  and  K^^O,,  The  latter  conipoumi  can  be  converted 
by  stronger  ignition  into  K^^O,  with  loss  of  SO,,  but  as  this  proced- 
ure  involves  a  alight  loss  of  i)ota.<«ium  it  is  preferable  to  add  a  little 
solid  amn^ooiuni  carbonate,  by  means  of  wliicb  the  cxcees  uf  su'' 
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[pfauric  flcUl  ts  ccmvprtftl  into  arnnionmm  siilphato,  wlilrh  is  readily 
VoktUe  anil  cun  bo  drivcu  off  at  a  much  lower  icm|H;rature. 

3.  Determmation  of  Potassium  as  E^PtCI,  and  as  KClOt. 

These  dcteiminatiDna  are  only  eniploytil  wiicii  it  is  necetssary 
to  effect  a  separation  of  potaasiimi  fruin  sudium.  We  will,  tlicn- 
iore,  firat  consider  the  del«nmxmlioa  of  ttodtum  itself  and  aft4!f^ 
vanU  the  separation  of  the  two  mctuk. 

SODIUM.  N'a.    At.  Wt.  23.00. 

Sotlium,  liko  pntAssium,  is  ilrtomiincd  in  the  form  of  iti  chloride 
and  of  it«  sulpliflti>,  aiul  the  same  pn^autions  wlilc]i  were  discussed 
Uiidcr  potassium  hold  in  the  caso  of  sodium.  It  may  be  men- 
tion€«l,  liowcvcr,  tluit  NaC!  and  Ka,SO,  arc  nrnre  difficultly  fusible 
and  much  less  volatile  tlion  the  corresponding  potoasium  com- 
pounda. 

Separation  of  Potassium  from  Sodium. 

Tlie  solution  should  contain  salts  of  no  other  metals  with  the 
.exoeptioa  of  ainmidiiiiin  salt^.  In  onlcr  to  separate  the  sodium 
'•nd  potaaeiiun  they  f^hotiUl  bi>th  be  present  as  chlorides,  the  com' 
Lined  weight  of  wliich  being  Erst  oscertaiuod.  The  mixture  is 
t'if>n  di.sbulv<\l  and  the  potas»um  preeij>itateil  out  cither  as 
thloroplaiiuate  or  as  perciilorate.  From  the  weight  of  the  pre- 
cipitate, the  corresponding  amount  of  potassium  chloride  can  be 
calculated,  which  value  is  detluctod  from  the  weight  of  the  com- 
tiinod  chlorides;  this  gives  the  weight  of  sodium  I'liloride  origin* 
ally   present.    The  sodium,  therefore,   is   determined  by   differ- 


A.  Separation  of  the  Potassium  as  K,PtCl,. 

Principle. — KjPlC'lfl  is  practioftlly  insoluble  in  absolute  alcohol, 
whereas  the  cotTettiK)nding  sodium  salt  is  soluble.  On  the  other 
hand,  sodium  chloride  is  insoluble  in  absolute  alcohut,  so  ttiut  it 
ii  absolutely  necessary  to  (.-invert  both  the  potassium  and  the 
i.todtum  to  the  form  of  their  cldoroplatiimtcs,  as  otherwise  the 
K,IM(^1,  obtained  will  be  contaminated  with  sodium  chloride  and 
(00  lugh  a  value  will  be  found  for  the  amount  of  pota»siuni  prc!>cnt. 

Proeedurt:  1.  Trantformation  of  the  Chhridts  into  Chloroplati- 
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nates. — The  assumption  made  is  that  the  weight  of  the  two  chlo- 
rides p  consiated  entirely  of  sodium  chloride,  and  from  this  the 
amount  of  cliloroplatinic  acid  necessary  to  convert  the  chloride 
into  cMoroplatinatc  can  be  calculated: 

2NaCl:Pt=p:3C 

Pt 
*—„„  p|-p*weight  of  Pt  in  H,PtCIj  required. 

Since  the  reagent  (cf.  Vol.  I)  contains  10  per  cent.  Pi,  we 
may  say  that  10  c.c.  contain  1  gniui  of  platinum  and  p  grams 
of  sodium  chloride  require 

2|;j^,-pc.c.  of  HaPtCla.  , 

The  solution  of  the  two  chlorides  in  water  (contained  In  a 
platinum  or  porcelain  cvaporating-clish)  w  treated  with  a  few 
tenths  mora  than  the  calcidated  number  of  cubic  centimeters  of 
lljPtGlo  and  ia  then  evaporated  almost  to  dryness  on  the  water-bath 
at  as  low  ft  temperature  as  possible;  {the  water  should  not  boilj. 
After  cooling,  the  residue  in  treated  with  a  few  c-c.  of  absolute 
alcohol  (best  methyl  alcohol  *) ,  after  wliii-h  the  solid  mass  is  broken 
up  into  a  fine  powder  by  means  of  a  stirring-rod  or  a  platinum 
spatula.  The  liquid  is  then  decanted  through  a  fdtcr  moistened 
with  alcohol,  ami  the  treat uietit  of  the  residue  with  alcohol  together 
with  the  breaking  up  into  powder,  etc.,  is  repeated  until  the  alcohol 
runs  through  the  filter  completely  colorless  and  the  salt  R'liiaining 
assumes  a  puix*,  gold-yellow  color  without  any  orauge-colon^d  parti- 
cles being  prt-sent  (NazPlCU  +  eHaO).  The  precipitate  is  then 
carefidly  transferrvd  to  the  filler,  the  alcohull  is  allowed  to  com- 
pletely drain  off,  and  the  precipitate  is  dried  hi  the  hut  closet  at 
i(0**-90''  C.  Tlie  greater  part  of  the  precipitate  is  then  placed 
upon  a  cleau  watch-glass,  the  fdter  is  i-oplaced  in  the  funnel,  and 
the  precipitate  wlijch  still  adheres  to  it  (and  likewise  any  pre- 
cipitate adlicring  to  tlie  dish  in  whicli  the  origiual  pa-ciiiitatlon 
took  pkce)  is  dissolved  oPf  by  means  of  a  little  hut  water  uito  a 
weighed  plaliuum  dish  or  crucible.    The  precipitate  is  evaporated 
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to  dr^^l^-sH  on  the  wator-bath  at  as  low  a  temperature  as  possible, 

ADil  tu  ii  in  now  atlUcd  tlio  prt'cipitaLo  from  tlu;  wtiti'h-gliuis.     It  is 

[dried  at  IW  0.  and  weighed.    The  calculation  of  the  ainoiiiit  of 

[potaflBium  chloride  corresponding  to  the  weight  of  the  precipitate 

is  performed  as  follows: 

The  weight  ;*  of  the  potassium  cliloroplatinatc  Is  multiplied  by 
0.3056  and  tlui^  gives  at  onco  the  weight  nf  the  polnssitim  chloride. 
Hrmnrk. — ^The  coefficient  O.Sflofi  is  iwod  insteiid  of  llie  true 
factor  (0.306.S),  because  the  potassium  clUoroplalinaU'  precipitate 
■  does  not  exactly  correspond  to  the  formula  K-PtCl,,.*  U  con- 
tuns,  in  fact,  n  little  more  chlorine,  bcj^ides  oxygen  and  hydrogen, 
which  are  not  given  olT  as  wotcr  at  a  temperature  of  ICO"  C.  We 
rnnsi  UEunie  that  the  chloroplatinic  aci<l  is  dceompoAed  sUglitly 
on  emporution,  perhaps  according  to  the  following  equation: 

H,PtCl,+ HpFiHCI  +  HjPtCUOil. 
By  thL)  hydrolysis  a  mixture  of  the  poto^um  salts  (KjPtCI, 
+  KUI'iClsOH)  is  obtained,  but  fortunately  if  the  work  is  always 
doiie  in  the  same  way  these  compounds  are  always  formed  in  the 
Bame  relative  amounts.  Imiumerable  determinations  have  shown 
that  correct  results  arc  obtained  if  the  factor  0.3056  is  used  in  the 
calculations. 

Modification  of  Chloroplatinftte  Method. 
In«t«ad  of  weighing  the  KjPtC].,  the  dry  pre<'ijiitate  may  be 
hrttt^l  in  ft  stream  of  JiydroRpn,  when  MCI  an<l  HjO  wiU  be  given 
n(r  and  a  mixture  of  platinum  and  potassium  chloride  will  remain 
behind. 

1.  If  the  amoimt  of  hydrochloric  acid  evolved  ijs  detemiinwl 
(p  gm.)  ami  from  this  the  calculation  of  tliti  |wtasaium  chloride 
made  according  to  the  following  e()uatiou^ 

KaPtCI«+2H2-4HCl4-Pt+2Ka 
4HCI:2KCl-p:z 
KCl 
'-2-HCiP' 


•n.  Fnwoiiu,  Z.  aniU.  Cbim  ,   I8S2,  p.  2M.    Abo  P.  Duprf,    'Die 
BartinununK  dcr  Kaliuuuj  iiLa  KoliunipIatinchlorKl,"  Inwieural  Dlanrt.,  llal]^, 
IMS.    Al<o  W.  IKtunar  uxi  MeiVitbur,  J.  3oc.  Cticm.,  Ind.  fi,  TOO,  and  Ber., 
'in8,IW.4l2. 
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the  result  will  be  too  luw  because  less  HCl  is  evolved  than  corre* 

spends  to  tlie  abwve  eiiuatttm. 

2.  If  the  mixture  oi  platiniiui  and  potassium  chloride  rcitioining 
in  the  dish  \a  weighed  Cp  g'".)  and  the  amount  of  potasaum 
chloride  \s  calculated  according  to  the  ix|uatioa 

(Pt-i-2K'CI):2KCl-p:a 
2K(l 


X  — 


"Tktx'P 


Fi+2Ka 


too  low  a  result  will  be  obtained. 

3.  Fmsilly,  if  the  mixturo  of  platinum  and  potassium  chloride 
is  treated  with  water  and,  on  the  one  hand,  the  weight  of  the  plati- 
num remaining  undissolved  and,  on  the  other  hand,  the  weight  of 
the  potassium  chloride  which  goes  into  solution  (by  evaporating 
the  stilutiou  and  weigtiing  the  residue)  is  determined,  then  the 
amount  of  potassium  chloride  calculated  from  tlie  weight  p  of  the 
platinum 

Pt:2KCI-p:» 


again  gives  a  result  which  is  too  low;  while  the  amoimt  of  potas* 
slum  chloride  found  in  the  aqueouH  solution  correHponJs  to  the 
amount  of  jKjtasrtium  chloride  iiriginsdly  pnwent. 

Inasmuch  as  the  precipitate  of  potassium  chloroplatinate 
possesses  a  constant  composition  it  Is  posstblo  to  determine  ex[}eri- 
mentidly  by  working  wilii  piiro  niiteriiili  tlio  exact  mtio  which 
exists  between  (o)  the  ainouivl  of  hydrochloric  acid  evolved,  {b) 
the  mixture  of  potassium  chloride  and  of  platinum  remaining 
after  the  ignition,  (c)  liio  weight  of  platiniim  rcmahiing  uiidiKsolveil 
after  treaunent  of  the  residue  witli  water  and  the  amount  of 
potassium  chloride  originaUy  pivstMit.  According  to  Dupn-,  if 
the  amount  of  platinum  dclcnuJnwl  according  to  3  is  multiplied 
by  the  factor  0.76142  the  true  auiouut  of  jxitaiisium  chloride 
will  be  obtained. 


MODIFICATION  OF  THE  CHLOROPLATmATE  METHOD.       4? 

As  an  example  of  the  modiliei]  chloroplatinate  mclhod  we 
have  tbe 

Neubauer-Finkener  Method.* 

Tkis  method  docs  not  m|ulre  that  the  sodium  and  potfiiwiuni 
ehall  be  preisent  as  chloridca.  It  depends  upon  tho  precipitation 
of  pota^ium  cliloroplatinate  in  the  presenrR  of  other-alcohol, 
igniting  the  precipitate  (K^jPtCI^  XaJSO,,  etc.)  in  hydrogen, 
wuhing  out  the  soluble  salts,  and  weighing  the  residual  plati- 
num. 

Procedure. — ^Thc  solution  containing  ahmit.  0.5  gm.  of  Hub- 
Btwice  is  poured  into  a  large  porcelain  coAseroln  and  trealect 
with  a  few  drops  of  hydrot^hlorir  acid.  Somowhat  more  than 
enough  chloroplatinic  acid  to  precipitate  the  potassium  is  added, 
and  tbe  solution  evaporated  on  the  water-bath  until  \U  volume 
does  not  apfiear  to  diuiinish  perceptibly;  an  unnecesHarily  long 
Iwating  is  to  be  avoided.  After  couHng  the  mass  is  moiatened 
with  about  I  c.o.  of  water  and  carefully  crxished  ^^ith  the  end 
of  a  flnttene<[  stirring- rod;  then  at  leiist  30  c.c.  of  alcohol  (03-06 
per  cent,  by  volume)  are  added  in  portions  of  10  c.c.,  each 
time  crushing  tho  mass  v^nth  the  rod.  If  considerable  sodium 
or  potassium  is  present,  tho  mass  toward  the  end  asaum(H  a  noft, 
cfaeeqr  consistency  but  eventually  becomes  hard  and  crj-stalline. 
Tbe  covcnxl  casBcrole  ia  next  allowed  to  stand  fur  half  an  hour, 
nibbing  the  preoipitat^  from  time  to  time.  Then  the  super- 
natant liquid  is  poured  through  a  platinum  Gooch  crucible  and 
tbe  precipitate  washed  fay  docantation  with  alcohol.  After 
carh  adtlition  of  alcohol  the  crystals  are  forcibly  crushed  with 
the  rod.  Aft  soon  as  the  filtrate  paaaoe  colorless  through  the 
IHt«r  the  precipitate  is  transferred  to  the  crucible  with  alcohol, 
Ihft  alcohol  is  removed  by  wa-ihing  six  times  with  ether,  and 
the  latter  by  suokinft  air  rapidly  through  tho  crucible.  The 
micibic  IK  covered,  and  through  an  opening  in  the  cover  hydro- 
gen (or  illuminflting-gas)t  i"  passed  and  the  crucible  i.?  heated, 
at  fint  ver)-  gently,  to  avoid  losses  by  decrcptitntion.    After  five 

•  Z.  vaL  (3IOII1.,  1900^  4S.V 

t  A*  la  tbo  dctcrminalion  of  copper  oa  euprotia  oulphule,  ef.  p.  183. 
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minutes  the  flame  of  the  burner  is  turned  a  little  higher  so  that 
the  bottom  of  the  crucible  just  shows  a  faint  redness  in  the 
center*  and  this  temperature  is  maintained  for  at  least  twenty 
minutes.  It  is  then  allowed  to  cool.  The  contents  arc  next 
moistened  with  cold  water,  and  hot  water  is  sucked  through 
the  crucible  fifteen  times  to  remove  the  soluble  salts  com- 
pletely. To  remove  calcium  sulphate,  or  other  difficultly  soluble 
salts,  the  crucible  is  filled  with  5  per  cent,  nitric  acid  (not  HCI), 
which  is  allowed  to  act  for  about  half  an  hour,  from  time  to  time 
replacing  with  a  little  fresh  acid.  Then  wash  with  hot  water, 
dry  and  weigh  the  platinum  from  which  the  corresponding 
amount  of  KCl  is  obtained  by  multiplying  by  0.7612,t  or  of  K2O 
by  using  the  factor  0.4811. 

If  hydrochloric  acid  were  used  instead  of  nitric  acid  in  the 
above  treatment,  the  platinum  would  subsequently  run  through 
the  filter  in  a  colloidal  condition.! 

*  The  crucible  should  be  placed  updn  a  piece  of  platinum  foil  eo  tliat 
the  flame  does  not  come  directly  in  contact  with  the  perforation  in  the  bottom 
of  the  Gooch  crucible. 

t  According  to  Neubauer  the  coefficient  0.7612  must  be  uaed  in  the 
presence  of  sulphates,  and  Dupr^  found  that  the  factor  0.7614  holds  in  the 
case  of  chlorides.  Similarly,  Dittmar  and  McArthur  (Z.  anal.  Chem,,  28, 
767)  state  that  the  factor  0.7611  applies  in  the  presence  of  much  magn^ 
fiiiuu. 

X  Eling  and  Engels,  Z.  anaL  Chem.,  46^  315  (1906). 
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I  Determination    of    Small  Amounts  of  Potassium    in    the  Pres- 
ence of  Considerable  Sodium. 

The  solution  may  cnntain  srwiiiitn,  potassium,  calcium.anJ  mag- 
nxsaum  in  the  form  of  their  chloridns  or  sulplmtw,  etc.  l]v<ln>- 
eliloric   acid  gaa  is  conducted   into  tho  /s^^  ^—  BCl 

BohiUoo,  which  has  been  concentrated  as  [       E 

much  as  possible,  until  it  has  become  sat- 
unted  with  the  gas  (the  lower  end  of  tlie 
deJiverj'-tube  should  be  enlarged,  a.s  indi- 
cated in  Fig.  2.'i,  and  should  not  dip  into 
the  liquid).  To  every  100  c.c.  of  the  solu- 
tion 2  c.c.  of  water  are  now  added,  the 
precipitated  sodium  chloride  is  allowed  to 
settle  and  the  solution  poured  through  a  i.-,o  j^ 

funnel  provided  with   a   platinum  filter- 
cone.    The  precipitntcd  salt  is  wa^alied  three  times  by  dccantatioQ 
with  95  per  cent  alcohol,  transferred  to  the  funnel,  dried  by  suction 
and  then  washed  three  times  moi-e  with  alcohol. 

In  them>Iut)on  tlicrereniHlusuIl  of  the  potassium, some  sodium, 
ftnd  poasibly  calcium,  magneeium,  and  sulphuric  acid. 

Tlie  solution  is  evaporated  to  doiiciB)  on  the  water-bath  if  possi- 
ble (or  if  sulphuric  acid  is  present  the  laet  trwrea  of  the  free  acid 
are  removed  by  means  of  the  free  flame),  the  residue  is  wei^hod, 
for  even.*  decigram  of  the  salt  mixture  3  c.c.  of  double-normal 
hydrochloric  acid  are  added  with  moi-e  than  enough  chloroplatinJc 
acid  to  precipitate  all  of  the  potassium,  and  the  liquid  is  evaporated 
to  a  paste.  It  is  then  treated  with  20  c.c.  of  absolute  alcohol, 
and  well  stirred.  After  standing  five  minutes  5  c.c.  of  ether  are 
added,  the  mixture  is  allowed  to  stand  half  an  hour  under  a 
bcl]-jar,  and  then  filtere<I.  As  the  refiidue  often  contains  small 
amounta  of  other  chloroplatinates,  it  should  be  purified  as 
follows:  Tho  precipitate  is  allowed  to  dry  in  the  air,  it  is  dissolved 
in  a  little  hot  water,  a  few  drops  of  chloroplatinic  acid  are  added, 
and  the  above  operation  is  repeated.  The  precipitate  tlius 
obtained  contains  all  of  the  potassium  in  the  presence  of  some 
Uum  chloride  and  possibly  sodium  sulphate.  It  is  waahed 
a  mixture  of  ether  and  alcohol  until  the  li^iuid  runs  throu^ 
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the  filter  compktoly  colorless,  aftw  which  the  precipitate  is  dried, 
moistened  with  hoi  water,  and  digested  on  the  water-bath  with  a 
few  dmpa  of  chemically  pure  mercury,*  constantly  nurriiig  with  a 
glass  rod,  until  the  liquid  appeurs  pcrfeetly  culorletts. 

By  means  of  this  treatment  the  in»tajwiuiii  cliluroplatiiiatc  is 
completely  decomposed  with  separation  of  platinum: 

The  mixture  Is  thoroughly  diied  nn  the  water-bath  and  gently 
Ignited  until  the  niercurj'  is  all  volatilized;  the  platinum  is  changed 
at  the  same  time  to  a  denser  form,  which  can  be  readily  washed  by 
decaiitiiliein.  After  cooling,  the  mass  is  treated  with  water,  the 
aqucniw  sohition  is  decanted  through  a  filter,  and  the  residual 
metal  is  waslied  with  hot  water,  dried,  and  cautiously  ignited.  Tlie 
filter  is  igriitoil  in  a  platinum  spiral,  ita  ash  is  addcil  to  the  main 
portion  of  the  platinum  in  the  crucible  winch  is  now  ignited,  and 
weighed.  The  weight  obtained  p  mnltiplied  by  ().7£>12,  gives  the 
amount  nf  potassium  ehloricle,  nr  m\iltiplied  by  0.3»!)4,  gives  the 
corresponding  amount  of  potnssium. 

Separation    of    Potassium   from    Sodium   by  the  Perchlorate 

Method.    Schlossing-Wense.f 

Prineiple. — This  separation  depends  upon  tlie  insolubility  of 
potassium  perchlorate  and  the  sotuhility  of  sodium  perchlorate 
in  97  per  cent  alcohol.  Ammonium  .salts  and  sulphates  mu3t 
not  be  present  on  account  of  the  diflicuh  ."solubility  of  ammonium 
salts  and  of  sudinm  sulphate  in  aleohol,  but  a  little  phosphate 
does  no  harm,  as  both  sodium  perchlorate  ami  plitisphoric  acid 
are  soluble  in  ideohul. 

Proc^tliire. — If  the  solution  to  be  analyzed  rontains  sulphate, 
it  ia  ot^idified  wir.h  10  c.c,  of  12>I-HC1,  heatcil  to  Intiling  and 
treated  lirop  by  drop  with  boiling  O.oN'.BaCl^  sohition  until  no 
more   precipitate   is  formed.     Tliu  solution  is  boiled  gently  for 

'  RoniwEadl,  X.  aiial,  Chwii.,  Ml,  .'JOt. 

tZ.  taipiv.  Ctwni,,  4,  m\;  ».  233;  S,  t«;  Undw.  Ver.  8ta.,  W.  313; 
67,  MS;  J.  Am.  Ctieni.  Moc.,  30,  20S5.  The  reiiK<-nt  ooe1«  only  iil»ut  oa«> 
hunilrrdth  u^  tuurh  u  an  (x]uivalciu  quantity  o(  cbloruplatiDic  Mid  and  ihe 
reeult«  oI>tain(d  arc  nearly  ae  ruliul)l«. 
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•n  minutes  and  is  then  filtered.  Thw  treatment  w  uiinec-e»- 
when  only  a  trace  of  SO^"  is  present,  and  in  all  cases  ati 
cxoen  of  HaCtj  should  be  avoided. 

The  solution  is  next  evaporated  to  dryness  in  platinum  and 
any  NH|  salt  is  expelled  by  careful  ignition,* 

The  residue  ia  diiwolved  in  20  c.c.  of  hot  water  and  a  little 
more  than  eiiou);li  HCIO4  to  combine  with  all  the  baaea  present 
is  addefJ.  One  c.c.  of  20  per  cent  HL'104  ia  enough  for  IK)  nig.  K. 
The  Hulutiun  is  evaporated  to  dryness,  the  residue  disBolved  in 
10  c.c.  of  hot  wat«r,  a  little  more  HCIO4  is  added  and  the  ovapo* 
ntion  to  dr>*ness  va  repeated.  If  white  fumes  of  HCIO4  do  not 
^pear,  the  addition  of  water  and  HCIO4  is  repeated  until  finally 
heavy  fumes  of  HCIO^  are  obtained  on  evaporation.  After  cool- 
ing, the  residue  is  treated  with  about  20  c.c,  of  0.2  per  cent  HCIO4 
in  97  per  cent  alcohol.  It  is  best  to  break  up  the  crystalt  some- 
what, but  care  should  be  taken  not  to  reduce  them  to  a  fine 
powder  wluch  ttill  sulwequenlly  paes  through  the  filter.  The 
volution  is  decanted  through  a  Gooch  crucible,  which  has  been 
wa«>Iied  with  the  0.2  per  cent  solution  of  HCIO4  in  alcohol,  drifd 
at  130*,  and  weighed.  If  there  U  an  unusually  large  prucipital* 
of  KdOf,  it  nfanuld  \m  disHolved  tn  a  little  hot  water  and  the 
aohitioa  again  cvap^jraietl  with  a  little  HCIO4.  Finally  the  pre- 
cipitate is  washed  once  by  decantation  witli  U.2  per  cent  HCIO^ 
ia  alcohol  and  then  several  times  on  the  asbestos  felt.  The 
mall  quantity  of  HC10(  remaining  will  \m*  volatilizetl  during  the 
'drying.  Finally  the  crucible  and  its  contents  ore  dried  at  130^ 
for  ao  hour  and  weighed. 

Care  should  be  taken  not  to  evaporate  HCIO4  and  alcohol 
tcigether  over  a  free  flarae,  as  a  dangerous  explosion  is  likely 
to  RMilt,  There  is  no  danger  in  evaporating  an  aqueous  solu- 
tion of  perchloric  arid. 

{\tparalion  0/  PrrcfUoric  Acid  Atcording  to  Kreider.i — About 
IOO->)00  gnu.  of  commercial  NaClOj  are  placed  in  a  round- 
bottomed  flaak  and  gradually  hcnted  until  oxygen  begins  to 
be  n'olved   slowly.    This  temperature  is  maintained    until  the 

•  Cf.  p.  49R,  fooUDote. 
t  Z.  tmr^.  Clietn.  IX,  343. 
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mass  becomes  solid  (rfqiiiriiig  li-2  liuuiii),  wliureby  tlio  chlorate  w 
almost  coinpk'tely  i-liaiigod  to  |)imrliIi>rato  ami  chloride. 

After  cooliiit;.  tlio  melt  is  ditisolved  in  water,  sufficient  hydro- 
thloric  acid  is  addwl  todocompose  any  elUorate  remaining,  ami  the 
solution  is  evaporated  to  drj'iiesfi  (the  liquid  Ijcing  eonstantly 
stirrtrd  from  the  lime  crystals  begin  to  neparate  out.) 

The  dry  ma^s  is  broken  up  with  a  »itirring-rod  and  then  treated 
in  a  tall  l>eaker  with  an  excess  of  coticeiitrated  hydrochloric  ariil, 
by  means  of  wlueh  sodium  chloride  separates  out  after  a  few  nan- 
utes.  The  solution  (it  now  contains  perchloric  and  hydrochloric 
acids  in  the  prcseneo  of  i^mall  amounts  of  nodium  cliloriilc)  ia  pouixMl 
through  a  Gooch  crucible  and  the  residue  is  washed  onco  or  twice 
by  decantation  with  concentrated  bj'drochloric  acid.  The  filtrate 
is  evaporated  on  the  watcr-buth  until  tlic  hydrochloric  acid  ia 
completely  expelled  and  heavy  white  fumes  of  perchloric  acid  are 
evolved. 

Inasmuch  as  commercial  soiUum  chlorate  is  often  impure,it  is 
necessary  to  test  the  perchloric  acid,  which  has  been  prepared,  for 
potassium.  For  this  purpi^se  a  small  amount  of  the  solution  is 
evaporated  on  the  water-bath  to  dryness  and  the  residue  is  treated 
with  07  per  cent. alcoho!,  which  will  dissolve  it  readilyin  the  absence 
of  potassium  perchlorate.  If  potiuaiuiii  is  found  to  Iw  present, 
the  melt  obtained  by  heating  the  sodium  chlorate  as  above  de- 
scribed is  treated  with  HCI  and  evaporated  to  diynesa  in  order  to 
decompose  any  sodium  chlorate  remaiuing.  The  residue  is  finely 
powdered  and  treated  with  97  ptT  cent,  alcohol  (1  c.c,  dissolves  0.2 
gni.  XaClOj)  and  filtered,  and  the  process  rep<'ated  until  a  little  of 
the  alfoholic!  solution  when  evaporated  to  dryness  leaves  abso- 
lutely no  residue. 

The  alcoholic  solution,  whicli  i.s  now  free  from  potassium,  :a 
distilled  from  a  spacious  (lask  until  the  [icrehloratc  begins  to  crys- 
talh'zc  out,  when  it  is  poured  rapidly  into  an  evaporating-dish, 
evaporated  to  dn.iicss,  and  treated  as  previously  described,  with, 
hydrochloric  acid,  etc. 

One  c.c.  of  a  perchloric  acid  solution  prepared  according  to 
the  above  directions  gave  a  residue  nf  0.0369  gm.  which  was 
completely  soluble  in  97  per  cent,  alcohol,  aa  it  should  be. 

In  order  to  ascertain  the  approximate  amount  of  perchloric 
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ftctd  contained  in  the  solution,  I  c.c.  should  be  treated  with  an 
excess  of  KCl,  evaporated  to  dr>Ticss,  treated  with  an  excess  of 
97  per  cent,  alcohol,  filtenxl  through  a  Gooch  crucible,  and  wa:shed 
UDtil  the  ftltratc  shows  no  turbidity  on  being  treated  with  silver 
Uirat«  solution.    The  prceipitatc  is  then  dried  and  weighed. 

UTmUM,  Li.    At.  Wt.  6.04- 

Forius:  Li,SO,  and  LiCl, 

The  detennination  of  lithium  in  the  form  of  the  above  salts  is 
carried  out  in  practically  the  same  way  a.<<  in  the  case  of  potassium. 
[t  should  be  mrntionwl,  howprvor,  that  on  evaporating  a  lithium 
It  with  concentrate*!  sulphuric  acid  the  acid  salt,  LiH.SO,,  id 
formed,  which  on,  gentle  ignition  (even  without  the  addition  of 
ammoni'jm  carbonate)  ia  changed  to  difhcultly  \*olatiIo  Li^SO^. 

Since  lithium  chloride  is  a  ver>'  hygroscopic  salt,  it  is  necessary 

to  weigh  it  out  of  contact  with  moist  air.    To  accomplish  this, 

ic  platinum  crucible,  after  bciiio;  gently  ignited,  is  placed  in.  a 

'dffflccator  which  is  providctl  with  a  calcium- chloride  tube,  and 

beside  the  cruoiblc  is  placed  a  weighing  beaker  with  ground  gloaa 

ipp«r.    After  both  crucible  and  beaker  have  assumed  the  tern- 

'poniture  of  the  room,  the  former  is  quickly  placed  within  the 

lattur  which  ia  then  stoppered.    It  is  allowed  to  stand  for  20  min- 

ilites  iu  the  balance  case  and  thi-ii  wi-ighcil.    The  salt  is  then  placed 

'Id  the  crucible  and  the  above  procc!*s  n.-[>eated. 

Detenmnatioa    of    Lithium,    Potassium,   and    Sodium  to    the 
Presence  of  One  Another. 

After  determining  the  weight  of  the  combined  clilorid«i,  the 
potairiuni  is  dct«munc<I  in  one  portion  as  IC,PtClg,  and  in  a  second 
lion  tlus  lithium  is  dutermincd  according  tu  one  oE  the  following 
lods: 

{a)  Gooch's  Mrtlwfi* 

principle  — Anhydrous  LiCI  is  soluble  In  anhydrous  amyl 
alaihnl  (b'»  parte  of  arayl  alcohol  di^t^tilvc  in  the  cold  1  part  of 
LiCl,  or  10  e.fl.  dissolve  0.66  gm.  LiCl)  while  KCl  and  NaCl  ar« 

•  rnKvodings  of  Uw  Am.  Acnd.  t*(  Art*  and  Scioncm,  2i  [M.  S.  U],  177. 
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difficxdtly  soluble  in  this  liquid  (solubility  of  NaCI  =  1 :  30,000  of 
Ka-l;24.000). 

Procedure. — The  solution,  after  having  been  concentrated  as 
far  as  poiisible,  and  which  sliould  not  contain  more  than  0.2  gm. 
IJCl.  is  placed  in  a  5Gc.c.  Lrlenineyer  [libe>k,5-6c.'C.  of  amyl  alcohol 
(boiling  point  132*^0.)  are  added  and  the  fUtsk  is  placed  upon  an 
asbestos  plate  and  cautiously  heiitetl.  The  aqueoun!  solution  at 
the  bottom  of  the  beaker  soon  begins  to  boil  and  the  water  vapor 
escapes  tlirough  the  upper  layer  (»f  aniyl  alcohol.*  As  soon  as 
ail  the  water  has  been  boiled  ufl.  the  chlorides  uf  sodium  and 
potassium  separate  out,  wliild  the  greater  part  uf  the  lithium 
chloride  is  to  be  fotuid  in  the  ulcoluilic  solution.  During  the 
evaporation  of  the  atiuc^us  LiCl  solut.'on.  however,  some  LiOlI  is 
fomicd  by  hydrolysii,  and  the  latter  compound  is  insoluble  in 
amyl  alcohol.  In  order  to  bring  this  completely  into  swlutionj 
the  clear  amyl  alcohol  solution  \s  treated  with  2-3  drops  of  concen- 
trated hydrochloric  acid,  boiled  two  or  lliree  minutes  and  filtered 
while  still  warm  througli  a  small  asbestos  filter.  The  crust  which 
remains  is  composed  of  sodium  and  potassium  chlorides  and  is 
waslied  with  hot  amyl  alcohol,  which  has  been  boiled.  The  fil- 
trate is  evtipomtcd  M  drynesH,  and  the  residue  is  dissolved  in  a 
little  water  after  the  athliliuti  of  some  dilute  sulphuric  acid  The 
Bolution  is  filtered  from  the  carljuuacHOus  residue  i]it<)  a  weighed 
platinum  crucible,  evaporatwl  as  far  as  p4vs,siblo  on  the  water- 
baUi.  tho  excess  of  8u][)huric  acid  is  removed  by  gentle  heatioR 
over  a  llame  (the  crucible  being  liohl  in  an  iacline^l  position)  and 
It  is  then  weighed.  The  lithium  snlphute  thus  obtained  always 
contains  small  amounta  of  piitassiimi  and  siHlium  sulphates  in 
csoe  thtttp  niHals  were  present,  so  that  from  the  wejght  obtained, 
0.00O41  gm.  should  bo  deducted  for  cvcrj-  10  c.c.  of  the  filtrate 
(exchusivc  of  the  alcohol  used  in  wiisliing  the  residue^  in  case  only 
Bodium  chloride  Is  prcswnt,  or  O.IKH).')!  if  only  |K>(assium  chloride  is 
present,  and  0.0001)2  if  IxiLh  sodium  and  potaasium  chlorides  are 
present 

•  To  prevent  logs  hy  hiimpins  at  ihis  point,  the  flask  ihouM  be  fitt«d 
with  n  cork  stopper  through  which  two  tubrs  piia*.  I!  air  ia  drawn  tlirtiuRh 
tbv  liquid  <l<irin(;  the  boiUng,  the  water  evapomtea  mora  quickly  aiid  withwjl 
!>■  imping, 
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If  10-20  niKm.  of  lithuim  chloride  were  present  in  the  oiigina] 

f&lt  mixturp,  then  the  residue  obtained  after  filtering  and  waah- 

LSng  with  amyl  alcohol  is  dissolved  in  a  little  wAter  and  the  above 

[treatment  is  repeated,  the  lithium  being  determined  in  the  com- 

ibtDcd  filtrates. 

Tius  method  is  ^xry  accurate,  and,  in  the  author's  opinion  it 
b  to  be  preferred  to  aU  other  methods  for  the  detenninatiott  erf 

.jit^jiim, 


(6)  Ramvul^xrrgU  Method. 

Principte.— Anhydrous  lithium  chloride  ut  soluble  in  a  mixture 
of  equal  parts  alcohol  and  ether  which  has  been  saturated  with 

I  faydrochloric  acid  gas.  whereas  the  chlorides  of  sodium  and  potas- 
sium are  practically  intHiluble  therein. 

Pncedure. — ^The  solution  of  the  chlori<los  is  c^'aporated  to  dry- 
in  a  smoll  flatik  made  of  Jena     glata  and  provided  nith  a 

'gmuml  plfliw,  two-way  stupjtcr  (p.  34,  l-ig.  21a).  During  the  ovapo- 
ration  a  current  of  dry  air  is  passed  into  the  flask  through  the  long 
lube  a  and  out  through  the  short  tube  6.  As  soon  as  the  rea- 
due  has  become  dry  the  flask  is  placed  in  an  oiUbath  and  heated 
for  half  an  hour  at  140-150°  C. ,  duriog  which  time  diy  hydro* 
ehViric  acid  gss  is  paned  through  the  Bask.  The  flask  and  its  con- 
tents are  oUowed  to  cool  with  the  hydrochloric  acid  still  passing 
tiinm^  the  flask,  after  which  the  renduc  is  treated  with  a  few 
ruhie  centimeters  of  absolute  alcohol,  which  has  been  saturati'd  with 
bydroehloricBcid  gaa  and  thereupon  diluted  with  on  equal  volume  of 

labsohite  ether.  The  flask  is  tightly  stoppered  and  allowed  to  stand 
irith  frequent  sliakinc  for  12  li<itira.    Tlie  noUition  is  then  poured 

^through  a  filter,  wet  with  tlie  etheralenhol  mi.\turn.  and  the  residue 

wuihed  throe  times  by  dccantation  with  ethei^alcohoL    A  few 

cubic  centimeters  of  etlier-alcohol  are  added  to  the  contents 

'of  the  flask  aitd  it  is  again  allowed  to  stand  fur  12  huura;  the  liquid 
ia  tben  poured  off  and  the  residue  Is  washed  with  etheraJeohol 
iintiJ  a  trace  of  the  residue  tested  in  the  spectroscope  shows  the 
eiimplrte  absenee  of  litliium.  Tlie  ether-alcohol  extract  is  care- 
fuDy  evmpoTBted  to  dr>*ne8s  in  a  water-bath  containing  hikewarm 

,  water,  the  readue  i?  ducsolved  (after  the  a<I{litinn  of  a  little  dilute 
mlphurie  acid)  in  as  little  water  as  poaubie^  transferred  to  a  weighed 
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platinwm  crucible  and  treated  with  siifHcicnt  Biilptmric  »<ad  to 
iratisfnrm  tlio  lithium  chlonde  present  ccmiplrtply  irit«  sulpliatc.* 
The  solution  13  evaporated  as  far  iw  possible  on  the  water-bath, 
then  cautiously  over  the  free  flame,  after  which  it  is  gently  ignited 
and  the  residue  of  lithium  sulphate  is  weighed. 

Remark. — ^In  the  presence  of  oonsideniblc  sotliiim  and  potas- 
Mum  salts  it  ia  advisable  to  remove  the  greater  part  of  these  by 
precipitation  wilh  hydrochloHc  acid  gas  (cf.  p.  4d],  filtering 
through  asbestos  and  washing  the  precipitate  with  concentrated 
hydrocldoric  acid  until  tlie  residue  no  lunger  gives  the  lithium 
spectrum.    The  results  obtained  by  this  inelho«l  arc  satisfactoo*. 

Besides  the  above  methods  for  the  separation  of  lithium  from 
sodium  and  potassium  there  arc  two  other  methods  to  be  men- 
tioned; that  of  W.  P.Iayer  f  anil  that  of  A.  Canmi.t  Arc-ording 
to  Mayer  the  litliiu'n  i*  precipitate^l  in  the  pnpHenne  of  Naf)H  as 
I'i.t'**..  which,  after  beinj;  washed  wilh  ammonia  water,  is  ipniied 
nitd  weighed.  Rammelslieig,  however,  claims  that  the  I-.i,I't>, 
alwa>'»  contains  some  sodiumj  so  that  the  method  is  inaccurate. 
A  great  iiutny  exporimcnU  trie<l  in  the  author's  laboratory  have 
led  to  the  same  eonchusion. 

AccordinR  to  Camot  the  lithium  is  separatcfl  as  the  fluoride  and 
then  transformcfl  to  the  sulphate.  Walter}  claims  tliat  this 
method  is  accurate?  but  tedious. 

Example  for  practice:  1-epidolitc  analysis.     (See  Index.) 

Indirect  Determination  of  Lithium  and  Sodium. 

The  niixtiure  of  the  two  chlorides  is  weighed  and  the  chlorine 
deteruiijied  eitlier  gravimetrically  or  volunietrically.     (See  p.  3.) 

Indirect  Determination  of  Lithium  and  Potassium. 

The  method  is  the  same. 

•Thp  alic«-»wlfacribe<l  mrthod  hoK  Ixwi  TOo<lirM-<l  liy  lhi>  aiillior,  RAm> 
melnlvr/t  i-vjipnratnt  tho  chloridt'jt  in  the  wnl<?r-l>[ith,  hpiiU  Ihe  reaicliie  till 
it  melts  ami  thuu  after  cooling  cstract«i  willi  vtiivr-olcuUot.  By  ihc  vvaponb- 
tion  aud  fuaiuD  ot  the  litluuui  fliluriiiu  tlicro  U  roniiKl  Botatt  lithium  hy- 
dmxulo  wUch  is  changpd  by  the  ciu-lKmic  acui  of  thr  air  I0  carbonate. 
Uthium  carbonate  u  in.w1iihlc  in  ('thi?r.alcohot  so  that  the  oxtractiou  with 
etbei-alcobol  u  not  romplotc. 

t  Aim.  Cliitm.  rjiarm.,  98,  193,  «iul  MwrliiiK,  Z.  oniil.  Cbem.,  IS,  583. 

t^  oud.  Cham.,  29,  332.  {  The  Anolyat,  U,  209. 
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AMMONnTM,  NH4.     Mol.  Wt.  IKM. 
Fomis:  NH.i,  MH^Cl,  <NHH)2ptClo,  Pt,  IT. 
We  have  two  cases  to  difitioKuish: 

1.  The  ammonium  U  present  as  chloride  in  aqueous  solution. 

2.  The  aimnoaiuia  m  preaeat  iu  solution,  together  with  other 
eationa  and  aoionfi. 

1.  The  solution  rontaimt  only  NHJ"  an/!  Cl~  ions.  In  thia  rase 
the  solution  may  beevaporated  to  dr>'nes8  and  the  residue  of  ammo- 
nium chloride  weighed;  or  the  ammoaium  can  be  precipitated  aa 
fN"Hj),PtCl,  and  the  precipitate  weiiehed;  or  the  ammonium 
chluruplatinatc  eaii  Ik-  ignited  and  Ihe  residue  uf  plwlimuu  weigUud. 

(a)  Determination  as  IfH^Cl. 

The  ftfjueotM  sohition  w  treatM  with  c^npentratod  TTCl  and 
vnporatetl  to  a  small  vnhnne  on  the  water-bath  at  aa  low  a  tempor- 
atunr  as  pos«ble,  the  solution  is  transferred  to  a  platinum  crucible 
(or  ooe  of  porcelain),  evajKimted  on  the  water-bath  to  drj'ness,  and 
the  eoreretl  cnicible  h  drioil  to  constant  weight  in  a  dr^'ing-oven. 

IGood  multfi  are  obtauiul,  but  they  aro  always  too  low.  On 
evaporating  the  aqueous  solution  some  XfI,Cl  is  driven  off,  aiirl 
the  amount  lust  increasea  in  proportion  to  the  amount  of  water 

Allied  aiul  the  temperature  at  which  the  evaporation  takes  place, 

ton  arouunt  of  the  NU,C1  bdng  partly  decompoeod  according  to  the 

■  equation 

into  XH,  and  HCI,  both  of  wbich  am  volatile.* 

If,  on  the  other  hand,  a  little  hydrochloric  »cid  ts  added  to  the 

[•ohitjim  the  dL^^ociution  ift  for  the  moi^t  |>.-Lrt  prevented  yO  that 

the  InsR  is  reduced  to  a  minimum.    The  ammonium  cltloride  must 

ba  dried  in  a  covered  crucible  as  otherwise  a  small  amount  oS  the 

*  In  oold,  ikfiocnuA  oiilution  the  NHiH  uodergoea  elefHrolytie  dinoeiation 
to  ■  cofuddcrable  degree  aaii  no  approcublc  quaatity  of  ammonia  is  fanned  by 
liyJroljiii:  NH.O^  Nm*+a- 

KIU}H-*NH(+Hi0 
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salt  will  be  lost,  but  this  amount  is  small  in  comparison  with  the 
amount  which  it  is  possible  to  lose  during  the  evaporation. 

(6)  Detenninatioa  as  (NHOzPtCIo. 

On  heating  (NH4)2PtClG  to  130'  C.  the  salt  is  unchanged.  In 
aqueous  solution  it  undergons  only  electrolytic  clbwocialion  ao  that 
the  solution  can  be  evaporated  to  dr^-ness  without  appreciable 

loM  of  NH3. 

The  aqueous  solution  of  ammonium  chloride,  therefore,  is 
treated  with  an  exceas  of  chloroplatinic  acid  and  a  little  hydro- 
chloric acid  and  evaporated  at  as  low  a  temperature  as  poHsiblc 
to  do'ness.  The  residue  Is  taken  up  in  absolute  alcohol  and 
filtered  thrDUgh  a  Gooch  crucible,  dried  at  130"  C,  and  weighed. 
From  this  weight,  the  amount  of  ammonium  chloride  originally 
present  can  he  correctly  caJcuIated  by  using  the  old  atomic  weight 
of  platinum:  rt=  196.9.  If  the  new  value  for  the  atomic  weight 
of  platinum  (rt=  195.2)  is  used,  too  high  a  value  will  be  obtaizied 
for  the  amount  of  ammonium  present,  aa  was  explained  in  the 
case  of  potassium. 

If  the  weight  of  the  (XH0,PtGl4=p,  then 

pXO.2400  =NH,a 

p><:o.nsoiJ5  =  NH4 

pX0.07643  =  .\H3. 

(c)  Determination  as  Platinum. 

Instead  of  wei^hinR  the  (NH,),Ptri„  as  such,  it  can  be  decom- 
posed by  ignition*  and  the  weight  of  the  platinum  remaining 
determined.  If  the  old  value  for  the  atomic  weight  of  platinum 
(196.9)  Is  used  in  this  determination  the  results  obtained  will  be 

*Aa  &DUuoniuxn  chloroi^tinato  decirpitatod  nlrongly  on  being  hratcd, 
the  Ignition  inuH  lake  pUco  in  k  Imt^  imnfln'm  cmciblo  wliich  U  provided 
with  A  flo«'-fiUing  cover.  Ttii;  prpcipilsto  murt  Iw  lii-AU-il  grsduidly  ai 
lint  to  prc^vnt  \om.  It  is  hvA  itculu-d  uvconJiiiK  to  tbe  directions  of  Hose. 
The  prvcipiute  mid  filter  are  pla«Ml  in  tli«  cniciblt:  vritli  ihc  fihrr-pajx-r  on 
lop,  thecruriliW  is  covrptd  nnd  hn'aU-d  avri  a  ver>'  snuil!  flamp  Hnlil  thft 
rapcr  is  completely  i-liarrwi  without  allowing  the  vripor  to  Mcnpe  visibly 
from  the  crucible.  The  cnnit>!«  i*  tbrn  utronicly  ignited  with  Iroe  ftcoeii 
of  air  until  thu  thftrred  filter  ia  completely  conmimed. 
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■bout  0.4  per  cent  loo  low,  while  if   the  new   value  (195.2)*  is 
QKd,  the  results  will  be  about  O.S  per  cent  too  high. 

Correct  results  can  be  obtairird  by  multiplying  the  weight  of 
phtinum  (p)  by  the  following  factors: 

pX0.54527=Nn,Cl; 
pX0.1S39I=Nn4; 
pX0.17364  =  .\ll3. 

a.  The  Ammonium   \s   Present  Together  with   Other  Cations 
■nd  Anions  In  Solution  or  in  Solid  Form. 

(a)  Tlte  solution  is  diatiUtHl  after  the  uddilion  of  a  titruug  base 
(Na(JH — Cii(OH),t),  tho  ammonia  evolvuii  is  uUsorbetl  in  liydro- 
tjhloric  acid  uuU  thu  nsultiog  tsolution  is  aualyzud  according  to  1. 


Fiti.  21, 

/Vowdurt.— About  1  gm.  of  the  substance  to  be  analy*ed  is  placed 
ki  the  400-500  c.c.  Erlenmeyer  flask  A*,  it  is  dissolved  in  200  c.c 
^dI  water,  a  few  drop«  of  litmus  solution  are  added,  and  in  case  th» 

*  In  anolftiag  chloroplatinatu  of  oreanle  baara  (hf  ureigliing  the  plat- 
iautu]  comet  naulU  may  be  obtained  b^  using  Tor  the  atomic  weit^lil  of 
plAlinum  (hn  valw  196.9. 

t  MeO  ia  Iraquciitly  ixKrummcndcd  for  expelling  the  ammonia.     Aoconl- 
■C  to  a  private  eonununication  from  Ilerm  Bomuum,  of  Xtninkfrclii  tUs 
is  al)«dnt«ly  unsuiud  lot  this  purpose. 
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solution  reacts  acid,  sodium  hydroxide  solution  (which  has  been 
previously  boiled  to  expel  traces  of  ammonia)  is  slowly  ndded  at  T 
with  constant  shaking  until  the  solution  changes  to  blue,  after 
which  ten  c.c.  more  of  the  caustic  soda  sohitJon  are  added.*  The 
liquid  is  then  heatcl  to  boiling  and  100  c.c.  of  it  is  carefully  tlistilled 
into  the  receiver  V,  which  already  contains  20  c  c.  of  2  N.  hydro- 
chloric acid.  In  order  to  make  sure  that  no  ammonia  escapes 
from  the  receiver  it  is  well  to  cormeut  it  ■with  a  small  Peligot  tube 
containing  5  c.c.  of  2  N.  hydrochloric  acid  and  aome  distilled 
water. 

After  100  c.c.  of  the  liquid  have  diatiUed  over,  all  the  ammo- 
nia will  be  fuund  in  the  receiver  and  can  bo  determined  according 
to  1  (a)  or  I  (£»);  preferably  the  latter.  The  determination  can 
be  earned  out  much  moroquii:kIy,hQwever,i£  the  receiver  contains 
a  measured  amount  of  standardized  acid  and  the  excess  is  deter- 
mined aftertbLulislillfition  by  titrating  with  ftlkiiii  i(.f.  .VIkalinietrj-). 

It  is  also  possible  to  make  an  accurate  determination  of  the 
amount  of  ammonia  prasent  by  measuring  the  volum:.  of  the  gas-t 


Colorimetric  Detennlnatiou  of  Ammonium. 

For  the  determination  of  such  small  amounts  of  ammonia  as 
occur  in  drinking-water,  the  above  methods  are  not  suited.  In  thia 
case  the  procedure  is  the  same  as  was  described  in  Vol.  I,  under 
Ammonium  (In  the  ca^  of  mineral  waters  it  is  necessary  to 
add  more  than  one  drop  of  the  soda  solution;  the  amount  neces- 
sary is  detenuined  by  adding  litmus  to  a  definite  volume  of  the 
water  and  thpu  adding  the  eoda  solution  until  tlie  litmus  changes 
to  blue.)  The  distillate  is  received  in  50  c.c.  graduated  Nessler 
tubes  (in  the  fourth  one  there  is  usually  no  anmionia  to  be  detecte(I) 
ftnd  these  are  Ncsslcrized,  The  60  c.c.  of  distillate  is  mixed  with 
2  C.C.  of  the  Nessler  solution  and  the  yellow  color  produced  is 
oompariid  with  the  colors  produced  in  the  same  way  from  a  series 
of  tubes  cuatainiug  known  amounts  of  ammonia.    When  a  stand- 

•  Th«  siTparatory  fiuinrl  T  rfinuld  hr  roughly  roltbrjitiM)  before  actting 
up  thfi  ftppnrfttiiH,  by  pmiring  watrr  inio  ic,  one  cubic  ccnliraeter  at  a  time, 
and  murkuig  wiUi  a  puiuil  the  level  of  ittc  liquid  on  the  glasa. 

tCf.  Ftirt  111,  gas  .\inilyw»- 


COlORIMETRtC  DETERMtNATION  OF  AMMONIUM. 


6l 


ard  is  found  of  tho  same  shade  as  the  solution  tcstcdj  then  the  two 
eolutirtna  contain  the  Kamc  amount  of  finununiu. 

The  ammonium  chloride  solution  necessary  for  preparing  Ihc 

idards  is  propared  ns  follows: 

3.HI*  gms-of  ammonium  rhloridp  which  has  been  dried  at  100* 
C.  arc  diasolved  in  1  liter  of  water  free  from  ammonia  (cf.  Vol.  I, 
uodcr  Ammoiiiiim.  The  snhition  now  contains  1 
mfcm.  of  ammonia  (NFi;t)  p«'r  cuhir  centimeter; 
this  however,  is  too  strong  for  most  purposes,  so 
that  ^0  ce.  of  it  are  taken  and  diluted  to  1 
lit«.  Of  this  solution  1  c.c.  contiiins  001  mpn. 
NH,.  If  the  water  to  he  analyzed  contains 
coDsideniblc  ammonia,  a  smaller  portion  should 
be  taken  for  tlie  analysis  than  in  ordinary  cases 
(500  C.C.)  ae  othennise  the  first  distillate  (50  c.c.) 
would  give  tf,o  intense  a  color  with  the  Nessler 
•olation.  ]n  such  a  ca<>e  only  50  c.c.  of  the 
water  should  be  taken  for  the  analj-sis  and  this 
diould  be  diluted  to  ."iiK)  c.c.  '\nth  water  free 
fiEom  atnmonia  and  then  di&tllled. 

In  order  to  ascertain  how  much  of  the  water 
to  take  for  the  analysis,  the  following  cx[)erimeni  should  I>c  made! 

About  100  C.C.  of  the  water  to  be  tcKted  arc  j)laced  in  a  imrrow 
eytinder  (which  is  provided  with  a  ground-glass  Btopi>er),  2  c.c.  of 
■  strongly  alkaline  sodium  carbonate  solution  f  uro  addt^l  to  pre- 
cipitate the  calcium  which  may  be  present,  the  mixture  is  \io- 
lently  sliakrn  and  allowed  to  settle.  From  tho  clear  supeniatant 
liquit'  50  c.c.  arc  pijjettc*!  off  into  a  Nessler  tube,  treated  with 
2  CO.  of  NcRsIcr  solution  and  uiixed.J     If  a  atroug  yellow  color,  or 


Fio.  2.5. 


•SII^I  +  NH,-.'.3.5<J  +  i;.03-3.Hl. 

t  so  pna.  KoOtl  ond  SO  gms.  Na)(X\  (calcini?d)  an  dioKdved  in  GOO  e.a 
•f  poK  dwUUMl  witUT  atui  llm  soluttoo  bcOod  uniil  tlw  voliiiue  Ii  only  .'}0n  co. 

I  In  the  CMC  of  mineral  w»tera  rich  in  nuigiimum  Bul|)luit«,  tho  addition 
'of  Ik  10  ex.  of  sotlium  cnrhnnM^  !U)lntion  oftrn  fiuk  to  piY'Vi''nt  a  turt>idity 
OD  iddiiiff  tliB  Neaiicr  reagent,  whirh  vrouM  n-ndt-r  a  eoloriinctric^  d<rl<-nmna> 
lion  ImponiblR.  In  thw  own  10  ex.  of  a  Ituiled  ILiO,  vtiluUon  {I'iO  f^iu, 
lW:i,^2H/}  b  BOO  «.c.  tl,0)  should  ho  added  before  IreatUig  the  vmter 
with  tlir  aodiuni  eu4ionaie  volution. 
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even  a  precipitate,  is  obtained,  then  only  50  c.c.  of  the  water  should 
be  taken  for  analyaia.  If,  on  the  other  hand,  there  is  not  more  than 
a  faint  coloration  apparent,  then  500  c.c.  must  be  taken  for  the 
determination. 

For  the  Ncsslcrizatinn,  the  three  cylindcTS  each  containing 
50  c.c.  of  the  distillate  are  placed  over  a  sheet  of  wliite  paper, 
treated  with  2  c.c.  of  the  Ncssler  reagent,  and  niixoti.  licside 
thejn  are  placed  a  series  of  samilar  cyUndcra  containing  resjiectively 
0-0,  0.5,  1.0,  1.5,  2.0,  2.5,  3.0  c.c.  of  the  standard  ammonium 
chloride  solution  diluted  to  50  c.c.  These  are  also  trcatoi^  with 
2  C.C.  of  the  Nesaler  reagent  and  by  matching  the  colors  obtained 
in  the  test  with  those  obtained  from  known  amounts  of  ammonia 
the  amount  present  in  the  water  can  be  easily  estimated. 

The  Ncssler  reagent  should  give  a  distinct  coloration  with  500  c,c. 
of  water  containing  0,005  mgm.  Nil,;  if  tliisis  not  the  case,  it  must 
be  made  more  sensitive  by  the  addition  of  mercuric  chloride  solu- 
tion. 

For  mixing  the  liquid  in  the  cylinders  it  is  convenient  to  employ 
a  Btirrer  such  fia  is  shown  in  Fig.  25,  the  diameter  of  the  bulb  on 
the  end  being  only  slightly  leas  tlian  that  of  the  cylbder.  By 
moving  this  stirrer  up  and  down  twice  the  liquid  becomes  thor^ 
oughly  mixed. 

Kjeldahl's  Method  for  Determining  Nitrogen. 

The  methods  which  have  been  described  thus  far  are  suitable 
only  for  the  determination  of  nitrogen  when  it  is  in  solution  in 
the  fonn  of  NH*"  ions.  It  is,  however,  of  great  importance  to  be 
able  to  determine  nitrogen  when  it  is  present  other  than  as  an 
anunoniiim  compound  (in  protein,  coal,  etc.).  Inasmuch  as  it 
is  possible  to  determine  the  amtumt  of  ammonia  present  very 
accurately,  and  by  the  eniploj-ment  of  volumetric  methods,  very 
quickly,  methods  were  sought  for  the  tran.sformation  into  am- 
monia of  the  nitropen  originally  present  in  some  other  form. 
This  is  readily  liroughl  about  by  the  method  of  Kjcldahl  and  its 
modifications. 

By  the  oxidation  of  nitrogenous  organic  substancea  with  con- 
centrated sulphuric  acid,  potassium  permanganate,  mercuric  oxide, 
etc.,  the  organic  matter  is  destroyed  and  the  nitrogen  \s  completely 
changed  to  ammonium  and  held  as  ammonium  sulphate,  from 
vhicb  the  armnonia  can,  be  readily  distilled  off. 


KJtLDAHVS  METHOD  FOR  DETERMISINC  SITROGEN 


*J 


procedure  lor  KjeldahTe  Nitrogen  Determination  {Wilfarth'g 
^todilication*). — From  1  to  2  gma.  of  the  substance  to  be  analyzed 
I  are  placed  in  &  500-^00-c.c.  flaak,  made  of  difGcultly  fusible  potash 
I  glaas,  nnd  to  it  arc  added  20  ex.  of  sulphuric  acid  (3  volumes  of  con- 
centrated acid  mixed  with  2  volumes  of  fuming  sulphuric  acid)  and 
a  few  drope  of  mercury .f  The  flask  is  then  heated  in  an  iron  diah 
covered  with  asbestos  until  its  contents  gonUy  boil.  It  is  impor- 
tant, however,  to  be  sure  that  the  sutNstaticc  »huuld  be  thoroughly 
CUNstened  by  the  sulphuric  acid  before  tiie  heating,  especially  in 
the  case  of  mealy  substances.  In  order  to  avoid  a  loss  of 
nitrogenous  matter,  it  i&  futtt  heated  for  half  a  minute  o>'er  a 
\'eFy  small  flame  and  then  over  a  lacger  one,  but  in  no  case 
should  the  0ame  touch  the  Qask  above  the  part  occupied  by  the 
Liquid. 

The  beating  is  continued  until  the  solution  boeomee  clear  and 
completely  colorless.  In  the  presence  of  iron  compoun<U,  how- 
e^'er,  the  liquid  is  sometimes  slightly  yellow.  The  decomposition 
b  usually  complete  in  two  or  three  liours.  The  liquid  is  then  allowed 
to  cool,  the  ades  of  the  flask  are  wti£he<l  down  and  the  solution  is 
diluted  with  about  250  c.c.  of  water.  Ajfter  it  is  thoroughly  cool, 
SO  CO.  ot  caustic  soda  solution,  free  from  nitrate,  are  quickly  added 
■nd  nifiBcient  potassium  sulphide  solution  (40  gins,  commercial 
potanum  sulphide  to  the  liter)  to  completely  precipitate  the  mer- 
cury and  cause  the  liquid  to  appear  black  {25  c.c.  of  the  i.>otasBium 
■ulphide  solution  are  usuaUy  sufficient).  A  few  grains  of  powdered 
line  are  then  added  and  the  flask  is  quickly  connected  with  the  distil- 
ling apparatus.  The  distilling-tube  dips  Into  a  2<'>O-30O-c.c.  lirlen- 
nwyer  flask  containing  a  knowTi  volume  of  nomtal  sulphuric  add 
(10-20  c.c.)  and  sufEcicnt  water  to  cover  the  lower  end  of  the  con- 
denser tube.  As  soon  as  a  noticeable  amount  of  water  vapor 
begins  to  crane  over,  it  is  no  longr-r  nocwwary  to  have  the  condenser 
tube  dip  into  the  sulphuric  acid  solution  in  the  receiver.  After 
100  c.c.  of  the  !iqui<l  have  distilled  over,  the  receiver  is  removed 
and  the  ezceia  of  sulphuric  acid  is  determined  by  titration  with 


*  Cbem.  Zig.,  9,  S02. 

t  GLultJlng  U8M  a  mbttun  of  ITr^O.  uul  KUSO„  wliicli  usually  works 
very  well.    Th«o,  as  bo  mcrcuty  b  iwMixI,  the  sutMequuut  MlJilioa  gf  NaJj 

is 
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one-tenth  normal  aodiuni  Iiydroxiiiti  miluUon,  usmg  methyl  orange 
as  an  indicator.* 

From  the  amount  of  sulphviric  acid  used,  the  amount  of 
nitrogen  pixseiu  may  be  cak-ulatetl  as  fullow-g:  Let  i  Ijc  the 
number  of  cubic  ceiilinielere  of  nonnal  sulphuric  acid  neutralized 
by  the  ammonia  evolvoJ  from  a  gma.  o£  the  substanccj  then  this 
ciirrcsponds  tu 

(X0.01401  gins,  nitnjgen, 

aiiJ  the  percentage  of  nitrogen  in  tlie  substance  is 

a:(X0.OI4Ol=JO0:r, 

1.401Xi  .      ., 

x=B —  =.  per  cent,  nitrogen. 

d 

If  the  nitmgpn  is  originally  present  to  a  considerable  extent  in 
the  form  of  mtratrs,  oxides,  or  cyanides,  the  above  tnodifiration  of 
Kjeldahrs  method  will  not  serve  to  change  all  of  the  nitrugeii  into 
ammonia.  In  such  cases  it  iu  beet  to  use  the  modilicatiou  projiosed 
by  M.  Jodlbaucrrf 

I'rom  0.2-0..5  gin.  uf  iwtasshun  nitrate  (or  the  corresponding 
nmcmnt  of  another  nitrate)  are  treate<l  with  20  c.c.  of  cuncentnited 
sulpliuric  aeid  and  2.5  c.c.  of  pheimlsvilphonic  aeid  (iSO  gms.  of 
phenol  dissolved  in  cnougli  e<jricentmlcd  sulphuric  acid  of  66°  IW. 
to  make  IlK)  c.c.  uf  dilution)  2-3  gins,  uf  ziitc  dust  and  5  droi>s  c^ 
ehloroplatinic  acid  aro  added  and  the  mixture  heated.  After 
lieuting  the  substance  with  tliis  ndxuire  for  four  Itours,  the  liquid 
Iteconiea  colorless  and  is  ready  to  be  tlistilled  with  tlie  caustic  soda 
sulutioa. 


*  In  the  titration  it  is  \n-sl  tn  ftiM  the  alkalj  until  the  soluiion  turns 
yellow,  auii  ihtn  finish  by  nJding  tnough  acid  to  get  &  ctuuiirc  lo  a  fuUe  pink. 
lu  flta:i(liinlislnri  liio  lurid  oiul  alka]),  the  vntiimc  of  thv  w^lution  and  tho 
nicthoil  uf  titmtirig  tnxiA  \»s  the  tuuiie  M  cluriog  the  ajudyBia  proper. 

tZ.  wml.  Cbem.,  27,  as. 


LETERMlNATtON  OF  MAGNESIUM. 


«3 


Maghesium,  Mg.    At.  Wt.  24.32. 
Forms:  MgSO,,  MgO,  MgJ^O,. 
(d)  Determination  as  MgSO,. 
This  method  for  the  tlctpmii nation  of  inagripsium  ean  always 
be  employed  when  the  magnesium  is  cnnWiinctl  with  an  arid  which 
can  1x1  volatilized  by  heating  witli  fsulphiiric  acid,  and  when  no 
oUicr  uictal  b^Jdes  ammonium  in  present.     A  weighed  amount 
of  the  suhetanee  is  placed  in  a  jjUainum  cruriljlc  and  treated  with 
a  siigiit  exccs«i  of  eonocntrattM]  Kulplmric  acid,  *  the  mixture  is 
evaporated  on  the  wat«r-hiLth  as  far  aa  possible,  and  the  excess  o( 
free  sulphuric  acid  ia  rejiiovwl  by  raiitiou-Hly  lieatiii;;  the  crucible, 
held  in  an  lnclin»cl  jxHiitiim,  over  a  fre«  ttame.     I-'inatly  the  dry 
mass  is  heated  just  tn  rcdn»»  in  a  coveml  cnieildo,  and  after  cool- 
ing in  a  dc6icrati>r,  is  weighed  aa  quickly  as  posailde,  aa   tlio 
anhydrous  magnesium  sul|>hate  is  hygroscoj)ic. 

(6)  Determination  as  MgO. 

This  method  is  seldom  used  in  practice,  and  then  only  in  case 
magnesium  is  present  in  a  fnmn  that  can  Ix"  rcviily  changed  to 

roxide  by  ignition — i.e.,  as  carbonate,  nitrate  or  salt  of  an  organic 
Kid-t  The  procedure  consists  simply  of  at  first  carefully  heating 
in  A  covered  erucible,  and  finally  with  the  full  heal  of  the  Teclu 
burner  in  a  half-covered  crucible, 

(c)  Determination  as  Hagnesium  Pyrophosphate. 

Thw,  the  most  important  of  oil  the  methtMlK  for  tlie  det^rmina- 
tian  of  magnesiuin,  is  a)wB>-a  applicable  and  dcpenth;  upon  the 
ing  principles:  If  the  .'dilution  ut  a  magnesium  nalt  is  treated 
JianaJltahorlhophoaphatf  solution  in  the  presence  of  ummonium 
iloride  and  ammcniia,  the  ma^emum  is  completely  precipitated 


"SabsUDOiw  which  react  violenllj-  witb  oonoeatrated  U^,  nbould  be 
.  tRtttod  witli  water,  awl  dilute  sulphuric  wmJ  atlUsA  litlU-  by  little. 
t  Magiarium  chloride  eaa  be  cIuucfiI  to  tbo  oxide  )iy  ienition  with  meN 
cane  oxide  tn  a  poroel^a  eraporalitig-di>h.  Mercuric  chloride  and  the  cvoeiv 
'  nvfcurie  oxide  are  rolatiliMd.    In  tliii  way  magoeoium  Es  often  wpanteil 
:  tte  alkaliei.    (Tra&iUtor.) 
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as  magnesium  ammonium  phosphate,  which  by  ignltioa  Is  cli&iiged 
to  magnesium  pyrophosphate: 

2MgNH,PO,^2NH,+  H.O+Mg,P,0,- 

Formerly  it  was  a  common  practice  to  precipitate  magne- 
num  ammonium  phos])hate  in  the  cold.  Neubauer"  showed, 
however,  that  this  sometimes  leads  to  high  results  while  at 
other  times  the  results  are  low.  The  hitter  is  the  case  wtieu  the 
precipitation  takes  place  in  strongly  ammoniacal  solutions  con- 
taining hut  little  umnionium  salts,  particularly  when  the  phos- 
phate solution  is  added  slowly.  Tribasic  magnesium  phosphate, 
Mg3(P04)a,  contaminates  the  precipitate.  On  the  other  hand, 
the  results  are  too  high  if  the  precipitation  tal^es  place  in  neutral 
or  slightly  ammoniacal  solution  in  the  presence  of  con^itterable 
ammonium  salts.  In  this  esse  more  or  less  mono  magnesium 
ammonium  phosphate,  MgCNH^JiCrOjla,  is  formed.  This  com- 
pound is  changed  to  magnesium  metaphosphate  on  gentle 
ignition. 

2Mg(NH4)4(PO03  =  2Mg(PO3)3+SNH3+4H3O, 

and  the  results  are  too  high.  When  only  a  little  of  the  meta- 
phosphate is  present,  the  tcraperuture  of  the  blast-lamp  will 
eventually  lead  to  volatilisation  of  some  phosphorus  pentoxide, 
60  that  nearly  correct  results  are  then  obtained. 

2MgCP03)2  -  MgaPaOT  +  P2O5. 


Ncubauer  recommends  adding  an  excess  of  sodjum  phosphate  to 
the  slightly  acid  solution  of  the  magnesium  salt,  then  stimng 
in  one-third  of  the  solution  volume  of  10  per  cent,  ammonia, 
filtering  after  four  or  five  hours,  washing  with  2.5  per  cent, 
ammonia,  dissohnng  the  precipitate  in  a  little  dilute  hydro- 
chloric acid,  adding  a  few  drops  of  sodium  phosphate  solution, 
and  precipitating  by  the  addition  of  one-third  volume  of  10  per 
cent,  ammonia.     This  mettiod,  however,  gives  too  high  resultsi 

*  Z.  aagew.  Chem.,  1S9&,  439.    Sec  aim  Ciooch  utd  AusUd,  Z.  aaorg. 
Ch^n.,  £0,  121. 
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e*,  9.97,  9.95,  and  9.98  per  cent.  Mg  in  MgSO*.  THjO  ioBtead 
of  B.8S  per  cent.  Mg. 

Correct  results  can  be  obtained  by  the  method  of  B.  Schnuti,* 
or  of  W.  Gibbs.t 

Kethod  of  B.  Schmitz. 

The  acid  solution,  containing  magnntium  in  the  presenoo  of 
ammoniiun  saltSj}  va  heated  to  boiling  and  then  treated  with  au  ex- 
ctts  of  sodium  or  ammonium  phosphate.  One-third  the  iiolution's 
volume  of  10  p<T  cent,  ammonia  is  at  oncn  add.-rl,  tJif  suluiion 
allowiNl  to  cool  and  filu'red  throuph  a  Mimroo  rriicihie  aft«r 
Btanding  for  aeveral  hours.  The  prcci])itntc  in  wa.^hod  with  2.5 
per  cent,  ammonia,  dried  and  igniled  vcr>'  slowly,  Kra<hially 
incrraaing  the  heat  until  the  precipitate  is  white.  After  cool« 
nig*  the  UgsPaO?  is  weighed: 

2Mg\H4p04-2NIT3  +  H,0+Mg2p2O,. 

From  the  weight  of  the  latter,  p,  the  amount  of  nuignesium  can  be 
calculated  as  luUuws: 


gMg 


—  .p— weight  of  magnesiura. 


Tlie  precipitate  can  be  filtered  upon  an  ordinary  filter,  but 
in  all  cases  the  ignition  must  be  gradual  or  it  is  almost  impoasible 
to  obtain  perfectly  white  pyrophosphate. 

•  Z  snal.  Cbon.  tOOR.  512;  cf.  Jorsenwa.  ibvl.  1906,  278. 

t  Am.  J  8ri.  aj.  &.  114. 

{  AoUDoannn  mIu  do  oo  harm  when  the  preeipitatkM  talcM  place  bi  heA 
■ihititm,  bal,  an  tb«  oontmry,  eauM  tbe  lonnrntion  of  a  co«ncly  cr/MtalliiM 
pniipitvtc  iriuob  w  eur  to  61t«r. 
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Uethod  of  W.  Gibbs. 

Tte  neutral,  not  too  concentrated,  Bolution  of  magnesium 
3alt  containing  ammonium  salts  is  treated  at  the  boiling  tem- 
perature with  a  normal  solution  of  microcosmic  salt,  NanNn4P0i 
+H2O,  until  no  further  precipitation  takes  place.  Almost 
90  per  cent,  of  the  niasnesium  present  is  at  once  thrown  down 
as  araurphous  magnesium  hydrogen  phosphate,  MgifPOj; 

NanNir4p04  +  MgClz  =  NaCl  +  NH4CI  +  MgnP04. 

Then,  while  stirring  the  hot  solution,  about  one-third  volume  of 
10  per  cent,  ammonia  is  added  whereby  the  amorphoua  pre- 
riE)ilatn  is  transformed  into  crystalline  magnesium  ammouium 
phosphate: 

MenP04+  NTI3 =MgNH4P04. 

At  the  snmc  time  the  magnesium  remaining  in  solution  is  thrown 
<own  almost  completely. 

After  standing  two  or  three  hours,  the  supernatant  liquid 
Is  filtered  off,  and  the  precipitate  washed  three  limes  by  decan- 
tation  with  2.5  per  cent,  ammonia,  finally  transferred  to  the 
filter,  washed  completely  with  2.5  per  cent,  ammtmia  and  dried 
in  the  hot  closet.  The  dried  precipitate  is  transferred  as  com- 
pletely as  possible  to  a  weighed  platinum  crucible,  the  filter- 
patwr  Imnied  in  a  platinum  wire  spiral,  and  the  aeh  added  (o  the 
main  portion  of  the  precipitate.  The  covered  crucible  is  heated 
very  gently  at  6r8t  until  the  ammonia  is  all  dried  off,  then  more 
strongly  until  the  mass  is  snow  white.  The  crucible  i«  cooled 
in  ft  desiccator  and  weighed. 


Separation  of  Magnesium  from  the  Alkalies. 

1'he  methods  of  Gibbs  and  of  Schmitz  serve  to  separate  mag- 
ncstum  from  the  alkalies  in  those  cvu^es  where  the  determination 
of  magm«iutn  alone  is  desired. 

If  it  is  desired  to  dctennine  uiagne^um  and  the  alkalies  in  one 
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End  the  sfLtnc  gainpir,  it  is  beat  to  use  the  Guoch  and  iEddy  * 
modiiiraliGn  uf  Uic 

SchaSgottsche  Method  t 

The  method  19  hnsed  upon  the  fact  that  magnesium  can  be 
pre«ipitftt<*d  quantitatively,  by  means  r»f  an  alcoholic  solution  of 
unnionium  carbonate,  as  ci^'stallinc  magnesium  ammomum  car* 
bonate.  MgCO,-CNHJ,C0,-6H,0. 

Prrfftrtition  of  the  PrciipiUmt. — A  mixture  of  ISO  ex.  con- 
centrated ammonia,  SOO  c.c.  water,  and  IIOO  ex.  absohite  alcohol 
is  saturated  with  commercial  ammonium  carbonate.  The  liquid 
is  ahatcen  with  the  powdered  cflrlx»nate,  and  after  several  hours 
Uie  excess  of  the  latter  Is  removed  by  filtration. 

pToctdurt. — The  neutral  solution  containing  only  magnesium 
and  tin*  (dkalies  (lithium  must  not  be  present),  preferably  in  the 
fortii  of  rhiorides.  Is  treated  with  an  efiusl  volume  of  absolute 
alcohol  and  then  with  an  excess  of  the  ammonium  carbonate  re* 
agent.  The  liquid  is  vigorously  stirred  for  a  few  minutes  and 
allowed  lo  stand  for  At  least  hiJf  an  hour,  whereupon  it  is  filtered 
through  a  Oooch  or  Munroc  crucible.  The  precipitate  is  waahed 
with  the  precipitant,  dritxl,  ignited  and  weighed  as  MgO. 

If  considerable  alkali  is  present  the  precipitate  always  con- 
tains a  small  quantity  of  it.  In  such  cases  the  precipitate  is  dis- 
aohred  tu  hydrochloric  add,  the  solution  evaporated  to  drj'uess,  the 
remlue  taken  up  in  a  little  water,  and  the  precipitation  rei>catccl. 

The  combbed  filtrates  are  evaporated  to  dryness  and  the 
nQuJi  determined  as  descrilwd  on  page  43  el  seq. 

If,  however,  it  is  desired  to  separate  magnesium  from  the  alka- 
lies in  order  that  the  latter  may  l)e  determined,  the  magnesium 
may  be  pnx-ipitated  as  magnesium  hydroxide,  from  a  solution 
free  frum  umniunium  salui,  l>y  the  addition  of  barium  hydroxide 
•olulion.t  The  barium  is  then  removed  by  amuioiiium  carbonate 
.aiid  tliu  alkalies  determined  in  the  filtrate.  For  the  detailed 
doHcription  uf  this  method  site  Silicate  ^Uial^'sis.  Kvcn  in  tills 
CBM,  however,  the  use  of  the  Scha0Kottsche  method  of  separating 
magneeium  from  the  alkalies  is  more  saLisfautory. 

•  Z.  snors-  Cbem.,  68,  427  (ITOH).  f  PogR.  Aim..  IW,  482  (1858). 

{  Cf.  f<x>ti]ot«  to  page  05. 
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.     METALS  OF  GROUP  IV. 

QKinXJU,  STRONTIUM,  BARIUM. 

CALCIUM,  Ca.     At.  Wt.  40.09. 

Forms:  CaO,  CaCOs,  CaS04. 

I.  D«terinuuitioQ  as  Calcium  Ozi<le  (LLme),  CaO. 

For  the  detemiiimtiuii  of  ciilcium  iw  CaO,  it  is  bost  precipU 
tated  as  the  oxalate  and  convertcii  tu  the  oxide  by  Htrong  ignition. 

Procedure. — ^The  neutral  or  slightly  ammoniacal  twlution, 
which  Iwsiilcs  magnesium  and  the  alkalies  Hhtniltl  contain  no  other 
ini'tat,*  is  treated  with  aniinonJum  chloritlc,  heated  to  boiling,  and 
precipitated  by  the  addition  of  a  boiling  solution  of  ammonium 
oxalate.  After  standing  some  time,  the  precipitate  bocnmra 
coarsely  crystalline  ami  settles  to  the  bottom  of  the  bealccr,  when 
a  little  more  ammonium  oxalate  solution  is  added  to  mal:c  sure  that 
the  precipitation  has  been  complete.  It  m  allowed  t-o  stand  four 
hours,  when  the  clear  liquid  is  poiu-ctl  through  a  6lter,  the  pre- 
cipitate is  covered  with  boiling  water  containing  ammonium 
oxalate, t  allowed  to  settle,  filtered,  and  the  operation  repeated 
three  times.  Finally  the  whole  precipitate  is  transferred  to  the 
filter  and  washed  with  hut  water  containing  ammonium  oxalate 
until  free  from  chloride.  The  precipitate  is  waniusl  in  the  hot 
closet  until  nearly  dry,  when  it  is  pkcwl  together  with  the  filter 
in  a  platinum  crucible  and  i^ited  wet.  It  should  be  heated 
cautiously  at  firet  in  order  that  the  too  rapid  evolution  of  earlwinic 
oxide  will  not  cause  loss.  After  the  filter  is  burnt  the  crucible  is 
covered  and  strongly  heated  at  first  over  the  Tcclu  burner  and 
finally  over  the  blast-lamp  for  twenty  minutes. 

The  crucible  while  still  quite  warm  is  placed,  in  the  defecator 
shown  in  Fig.  7,  near  an  open  weighing'beaker  and  allowed  to  re- 
main there  fur  one  hour.  During  the  ciMjIing,  the  air  enters  the 
deaiccator.  through  the  U  tube,  whose  outer  half  is  filled  with 

*  If  magRemum  is  prcHCot,  the  predpitatioa  should  bo  csirinl  out  aa 
d«^cril)c<l  on  pfMp;  70. 

t  T.  W.  Richards  found  that  the  proeJpitatA  wtui  appreciably  soluble  tn 
pant  wiLtvr  but  pra<Mtc&lly  InAoluble  in  a  dilute  solution  of  unmomum  axAlate 
(Z.  anoTg.  Cb«in.,  Sb,  85  tlWDl-  — 


Botla-Ume  and  whose  inner  half  contains  calcium  chloride,  in  a  dry 
coaditioD  and  free  from  carbonic  acid  gas.  The  cruciMe  is  now 
plaeed  in  the  wcighing'Ix^flker,  quickly  ctwrred  reiI  allowed  to 
Btaod  for  half  an  hour  in  ilic  air  near  the  balance^  after  which  it 
13  weighed.  The  crucible  is  a^in  heated  over  the  blast-kunp  for 
tea  mimiteB  and  is  cooled  in  exactly  the  same  way  and  weighed. 
Should  the  weight  nut  be  fuund  constant^  the  process  must  bo 
repeated.  'Hie  alwve  directions  when  carefully  followed  usually 
mable  one  to  obtain  a  constant  weight  on  the  second  ignition. 

Example. — Calcitc:  0.5  gm.  of  the  finely  powdered  material 
which  lias  been  dried  at  100"  is  placed  in  a  300-c.c.  beaker  and 
moistcnod  with  20  c.c.  of  water.  The  beaker  is  covered  with  a 
watch-glaaSj  concentrate<l  hydrochloric  acid  is  addeil  tlmp  by  liriyp, 
and  th(!  liquid  is  finally  heated  until  all  is  dissolved.  The  snlution 
is  then  boiUnl  for  fifteen  minutes  to  cxpcl  all  carbon  dioxiile,  neutral- 
ued  carefully  with  ammoniaj  diluted  ivith  150-200  c.c.  of  hot  water, 
and  precipitated  nith  ammonium  oxalate  as  above  descril)ed. 

Remark, — If  both  solutions  are  not  boiling  h<jt  during  the 
precipitation,  the  calcium  oxalate  fonna  verj'  fine  crj'stals;  it 
then  settles  very  slowly  and  passes  readily  through  the  filter. 

Calcium  oxalate  is  almost  insoluble  in  water  atui  aretir  nc.lA  in 
the  pmwnec  of  ammonium  oxalate,  but  readily  soluble  in  mineral 
adda. 

a.  Determination  of  Calcium  as  Sulphate,  CaSO«. 

Thia  method  is  chietiy  used  fur  llio  analysiH  nf  ciilciuni  salts 
of  organic  acids.  For  this  [>ur|>oso  ttic  calcium  sail  is  ignited  in 
a  wdghod  platinum  crucible,  after  which  the  cmcible  is  covered 
with  a  watch-glasb,  cjirefuUy  tn«tc'd  with  dilute  sulphuric  acid 
and  warmed  upon  the  water-bath  until  there  is  no  longer  any 
evolution  of  carbon  dioxide.  The  under  side  of  the  watch-glass 
u  carefully  washed  and  the  liquid  evatmratcd  as  far  as  possibla 
on  the  bath.  The  excess  of  sulphuric  acid  is  then  carefully  driven 
off  by  inclining  the  cmcible  and  heating  over  the  free  flame  (oi 
in  an  aii^hath)  (cf.  Hg.  11,  p.  27).  The  residue  is  gerUiy  ignited 
and  weired.    Ity  strong  ignition,  calcium  sulphate  loses  SO,.* 

*0.20fi2gm.  ChSO,  renminrd  unchflngrd  iii  uvight  ftfliT  WaliiifC  for  on* 
hour  lo  dark  rvdncs;  l>ut  on  h<-atin|;  with  Uie  full  fluitie  nf  n  Ti?(-lu  burner, 
llloil  (MltMM  gm.  In  m'iiibt.  On  bcnting  for  ooo  hour  over  the  blast  Ijunp 
iikMl  0.0051  cm.     (J.  Weber.) 
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Calcium  may  also  be  precipitateil  as  calcium  sulphate.  The 
Bolution,  which  shouU  contain  as  liltlo  free,  acid  as  possible,  ia 
treated  vf\i\\  an  excoss  of  diluto  siilphuiic  acid,  four  voldrm-s  of 
alcohol  are  mlilcilj  and  tlie  mixture  is  allowed  to  stand  12  lioure. 
It  is  tlien  fdterod  off,  washed  with  70  per  cent,  alcohol,  driedf 
gepanitt'd  from  the  fdt^r  as  completely  as  i>o<5sible,  the  filter  Inimed 
in  a  plntiriuni  Rpiral,  ami  the  ash  added  to  the  main  part  of  the 
precipitate  in  a  platinmn  crucible,  gently  ignited  and  weighed. 

3.  Determination  of  Calcium  as  Carbonate,  CaCO,. 

Only  in  rare  cases  is  calcium  precipitated  as  earlx>nate  by 
ammouium  carbonate  in  the  presence  uf  anmiunia.  The  filtered 
and  washed  j>recipitate  is  gently  ignited  and  weighed  as  carbonate. 
Aft-er  weighing  it  is  nece«iary  to  moisten  the  residue  with  a 
little  aiirnionium  carbonate  suluUon,  evaporate  to  dryness  on 
tlie  water-bath,  and  again  ignite  gently.  This  is  done  iu  order  to 
uhunge  small  amounts  of  calcium  oxide,  which  may  have  been 
fonncd  during  the  burning  of  the  filter-paper,  back  t-o  carbonate. 

In  the  presence  of  considerable  uinnionium  chloride  the  pre- 
cipitfltion  of  calcium  by  means  of  ammonium  carbonate  is  not 
quite  complete,  whereas  the  precipitation  with  ammonium  oxalate 
always  is.  Consequently  It  is  advisable  in  all  cases  to  precipitate 
the  calcium  its  oxalate  and  weigh  it  as  the  oxide,  if  the  oxalate 
is  ignited  gently,  however,  it  can  be  wei^licd  as  the  carbonate. 

Strontium,  Sr.    At.  Wt.  87.83. 

Forma:  SrSO,,  SrCO^,  SrO. 

The  determiuutiuu  as  the  sulphate  is  the  most  accurate. 

Determination  of  Strontium  as  Sulphate,  SrSO^. 

Proc&iMTC. — To  the  neutral  solution  containing  strontium,  ?. 
slight  excess  of  dilute  sulphuric  acid  is  added  and  as  much  alcohol 
as  there  is  volume  of  solution.  ^Vfter  stirring  well,  the  mixture 
is  allowed  to  stand  twelve  hours,  filtered  and  washed,  at  fiist 
with  50  per  cent,  alcohol,  to  wlilcb  a  little  sulphuric  acid  lias 
been  addud,  and  fuially  with  pure  alcohol  imtil  the  wash  water 
DO  longer  gives  the  sulphuric  acid  reaction.    The  precipitate  is 


DSTEJiMtNATlON  OFSTRONTIUM  AS  OXti^  Ott  C^MONATB.        }$ 


b 


dried  and  Igutod  as  described  under  tlio  cletormtKnUon  of  m)> 
eiam  aa  sulphate. 


SoltJnJtty  of  Strontium  Sulphate  aavrding  to  FrtMniua. 

6886  parta  of  water  at  the  ordinary  tumiwmUiro  (17-30*)  iU» 
»hre  1  part  of  SrSO^. 

9038  parta  of  boiling  vat«r  dinolve  1  part  SrSO,. 

The  sulphate  is  less  soluble  in  wator  containiiiK  r>iil|rhurio  addi 

13,000  parts  of  water  contjiining  sulphuric  uiid  UiwiulvtM  1  part 
SrS^ft-  Tbo  pn^riftitate  itt  solubli-  iit  co(ir:cnlrHltKl  «iil|iliiirii-  Mflil, 
aa  ihai  the  water  should  noi  coniaiu  very  much  Bulphnric  ncid, 

In  cold,  dilute  hydrochloric  or  nitric  acid,  Ktmnttiini  iulifhala  la 
ttMmdeabtf  took  soluble,  and  «!»>  in  ooiiitioits  (M^nlaiuin^  acctU 
add,  magncahnn  dilonde,  or  alkali  chk^ridu. 

If,  tiwfdbre,  considerable  free  acid  b  preaent.  it  ihimUl  Iw 
by  eraporating  the  snliitiim  t/t  dryticwt  and  diiMflvIng 
■B  WKtar,    The  strvntiuin  m  Uieii  prccii'itatttl  na  alwvv 


■■  Oxide,  SrO,  or  u  CathoaaU,  trCO^ 

it  {mcapitsted  aa  carbooato^  or  in  mom  tmmm 
ihinyid  by  ignitioa  to  tlte  oxide  «•  dcacribad 

m  ca«ti««a|«  U 
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and  strontium  aj'e  liuth  precipitated  as  oxalates  and  tranHfomked 
by  ignition  into  the  oxides.     Cf.  pp.  7S,  79. 

SdUibilily  of  Strontium  Oxalate  in  Water, 

12,000  parts  of  water  at  ordinary  temperaturea  diaaoive  1 
part  of  S^CJ0,^■2iHJ0. 

The  solubility  is  very  much  less  in  water  contuning  ammonium 
oxalate. 

Barium,  Ra.    At.  Wt.  137.37. 

Forms:  BaSO«,  BaCrO,,  BaCO,. 

I.  Determination  as  Barium  Sulphate. 

The  solution,  slightly  acid  witli  hydrochloric  aeiil,  is  heated  to 
boiling  and  precipitat<'<l  by  ttio  attditiciti  of  an  excess  of  hot,  dilute 
aulplmric  acid.  It  a  allowo<l  to  stimd  on  the  water-bath  until  tlio 
precipitate  \\ai>  &ctUc<l,  the  soiLitiim  U  then  poured  through  a  Ultcr, 
and  the  precipitate  is  washetl  four  times  with  50  c.c.  of  water  to 
which  a  few  droiw  of  snlphuric  acid  have  \iecn  adiled.  The  pro- 
cipitate  is  transferred  to  the  filter  and  wjished  with  hot  water 
until  the  wash  water  ceases  to  give  the  sulphuric  acid  reaction. 
It  is  then  dried  somewhat,  ignited  wet  in  a  platinum  crucible,  and 
wwghed  wiikoul  previous  heating  over  the  bla^t-lamp. 

Remark. — Py  the  combustion  of  the  filter-paiwr  there  t»  usually 
A  partial  re<luction  of  tlie  barium  eulphate  to  sulphide,  but  the 
latter,  on  being  gently  ignite^l  in  an  inclintvl  crucible,  is  readily 
changed  back  to  sulphat*,  so  that  there  is  no  loss  to  be  feared. 

Tlie  procedure  for  the  determination  of  barium  as  carbonate  is 
the  same  aa  was  described  under  calcium. 

Solubility  of  Barium  Suiphaie  in  IFofer.— 3 44,000  parts  of  water 
dJaeolve  1  part  of  BaSO,. 

a.  Determination  of  Barium  as  Chromate. 

The  neutral  solution  of  the  biirium  salt  is  diluted  to  about  200 
B.C.,  treated  with  4-0  drops  of  acetic  acid  (sp.  gr.  1.065),  heated  to 
boiling,  precipitated  with  a  slight  excess  of  ammonium  chromate 
(prepared  by  adding  ammonia  to  a  solution  of  ammonium  bichro- 
mate free  from  sulphate,  until  the  color  l<ecomes  yellow),  and 


allowed  to  cool.  The  precipitate  is  filtered  off  through  a  Gooch 
crucible  and  washed  with  hot  water  until  20  drops  of  the  filtrate 
give  scarcely  any  reddi*h-brown  coloration  with  a  neutral  solution 
of  silver  nitrate.  Tlie  precipitate  is  dried  in  the  hot  closet,  after 
which  tho  crucible  is  fastenetl  to  a  larger  porcelain  crucIWe  by 
maana  of  an  asbestos  ring,  so  that  there  remains  a  space  of  about 
J  cm.  between  the  two  crucibles  (cf.  p.  27),  and  the  open  cnicibia 
is  ii^nitcd  over  the  free  flame  until  Uie  precipitate  becomes  a  bright 
yellow.* 

Siuluhility  of  Barium  ChromaU.f 

M,9S7  piuiM  of  wntrr  nt  ordinarx'  tcmporatures  disaoU'e  1  part  DaCK),. 

33.000    "      "  bctling  walor  UittHolve  I  port  UaC'rO,. 

tt^Kl    "      "a  0.75  percent.  aniinoiLiuinacMstaU!  »o!mioa  (at  lA^  diseolvB 

1  part  BaCrO,. 
45,153  parts  of  »  0.6  pcmnt.  flirunoruum  nitrate  solution  (at  14°)  dusolve 

1  p«t  BatK),. 
23,555  jtATtm  vt  n  1,5  per  c^nt.  nmrnonium  acetate  solution  (at  15°)  dlsaolve 

1  part  BaOO,. 
32,S8S  parta  of  0.5  por  c«nt.  ammonitim  nitrat«  Bolution  dissolve  1  part 

BaOO,. 
3,670  parts  of    1  per  cent,  acetic  acid  »o!iilion  diasolvo  1  part  BaCrO,. 

AadlS       "        "       5    '•        "  II  t)  U  "I       "  " 

jagg     fi      tt  jQ   •<      I'  i<        II  It  u         I     tt        It 

1^13     "     «  10  "      <«      chromic  acid  ftolution  diwolve  I  part  BaCrO^ 

Tlic  solubility  of  barium  rhmmnte,  therefore,  incrcfiscs  con- 
aiiJcntbly  with  increasing  ronceutration.*!  of  either  acetic  or  chromic 
acids;  the  golubility  is  affected  to  a  much  less  dt^ree  by  eolutions 
containinj;  neutral  ammornum  satt*.  By  the  additions  of  small 
amounts  of  ncutnl  ammonium  chromate  the  solubility  becomes 
lc!«*cne<l  to  nearly  zero. 

*  Oftentimes  vnall  amwintfl  of  the  prtscipitoto  an;  hhIuomI  to  cbromio 
a^de  by  traces  of  organic  matter,  whcrchy  it  appciin  slightly  (pTcaiBh. 
By  loofKoo*^"'^  iftnition  in  an  open  crucible,  the  chromic  oxide  is  chanj^ 
back  to  chromatA,  when  tbe  prwlpitrnte  appears  a  bomogrneouit  yoUoW 
throushuut. 

t  P.  Sehweiiar,  Z.  anal.  Cheni.,  1S90,  p.  4H,  and  R.  FrcKuiiu,  itnd^  ISM, 
p.  419. 
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SePABATION    of   THB    AlKAUNG    EaHTHS  from  MjlGNESItrM  AND 

Faou  TQB  Alkalies. 
I.  Separation  of  Calcium  from  Magnesium  (and  Alkalies). 

The  Beparali")!!  tltipyiids  ujjon  the  different  solubilities  of  the 
two  oxalates.  Cjikiuiii  uxalate  is  pracliciJiy  insoluble  in  hot 
watur,  whereat)  magnesium  oxaliitf!  is  fairly  soluble;  I5()0  purts 
of  colli  water,  or  lUOO  parts  of  !»ailing  water,  dissolve  I  part  of 
MgC3(>,-2Hj().  lu  an  exceas  of  the  preei])itant,  however,  mag- 
ncitiuin  oxalate  is  muuh  more  soluble  owing  lu  the  formatiou  of 
complex  salt-s. 

If  vak-ium  is  precipitated  as  oxalate  from  a  dilute  solutioa  in 
the  preuuucc;  of  mugiiesiuui,  some  maguesium  oxalate  Is  occluded 
by  tbu  calcium  oxalate  precipitate  even  wheu  the  solution  Is  by 
no  meajis  saturated  witii  magnesium  oxalate,,  aiid  lugh  n^ults 
are  obtained  for  calcium,  lu  such  cases  the  error  ifi  ujjually 
compensated  accoi-diug  to  Fresenius,  by  dissolving  the  pre- 
cipitate in  hydrochloric  acid  and  repeating  the  preclpitatioji  with 
ammuiiia  aiid  ammonium  oxalute. 

The  work  of  T.  AV.  Itichards  *  has  shown,  however,  that  the 
quantity  of  iiiagne-siuin  oxalate  occluded  is  dependent  upon  the 
coni^entrution  of  the  umlissocuikd  magnesium  oxalate  in  solution, 
and  upon  tlie  time  In  wliich  the  cak'ium  uxaliitc  is  in  contact 
with  the  solution.  Coiise(|uently  anything  that  prevents  the 
dissociation  of  magnesium  oxalate  will  tend  to  increase  the 
aniomit  of  occlusion  and  thercliy  increase  the  result  of  the  calcium 
detcnninatioii.  Aiiytldtig  that  will  cause  the  ionization  of  the 
magnesium  oxalate  serves  to  reduce  the  amount  of  error. 

Concentrating  the  solution  and  increasing  the  amount  of 
oxalate  unts.  in  solution  by  the  wldition  of  considcrabk"  ammo- 
nium oxalate,  both  tend  to  repress  tlie  dissociation  of  the  mag- 
nesium oxalate.  Tho  dissociation  of  this  compound  Is  favored 
by  the  ])resoTure  of  hydrogen  ions  and  by  dilution. 

A  consi(U?rabIe  excess  of  ammonium  oxalate  is  neceaiarj'  in 
the  t|uantilativo  precipitation  of  calcium  and,  moreover,  mag- 


^ 


•Z.  anorg.  Chein.,  28,  71  (1901). 


anahun  oxalate  forms  readily  soluble  complex  salts  with,  undisso- 
ciated  ammonium  uxulatc.  It  is  desirable,  thciefure,  to  prevent 
ihe  Jiasociation  of  the  ammoniiuu  oxalate  as  much  as  pussible. 
■ad  this  is  accomplitJied  by  the  addition  of  another  ammooium 
aalt,  preferably  the  chloride. 

Procedure. — Dilute  the  Holution  with  hot  water  so  that  the 
magneaium  \e  present  in  a  conccntt  ation  of  not  over  fiftieth 
nonnal,  and  add  a  cunsiderable  quantity  of  ummoniimi  chloride, 
if  it  is  not  already  present.  To  pi-ccipitatc  the  calcium,  add 
a  aufEcient  volume  of  I>oiling  oxolie  acid  solution,  containing 
tliree  or  (our  equivalents  of  hydrochloric  acid  to  lessen  the 
dtaso;iation  of  the  oxaUc  acid.  lntrodui!C  a  httic  methyl  orange 
into  the  boiling  solution,  and  add  ammonia  until  a  yellow  colora- 
tion is  produced.  The  nmnionia  should  not  be  added  all  at 
onco,  but  in  small  quantities  from  time  to  time  so  that  about 
iiair  on  hour  is  consumed  in  the  operation. 

After  the  neutralization  add  a  considerable  exceas  of  hot 
Ammonium  oxalate  solution,  allow  to  stand  four  hours  but  not 
longer  on  account  of  the  fact  that  the  occlusion  increases  with 
the  length  of  time,  filter,  and  wash  with  hoi,  one  per  root,  am- 
mooium oxahitc  until  the  filtrate  gives  no  teat  for  chloride  after 
aciirUfyiDg  a  sample  with  nitric  acid. 

Although  this  precipitate  contains  a  little  magnesium  (0.1- 
0^  per  cent.}  it  is  also  true  that  an  almost  equal  amount  of 
magnesium  passes  into  the  filtnitc,  so  that  it  Is  not  advisable  to 
npeai  the  precipilatiun  nhcn  made  in  this  way. 


Alternate  Method. 
*iV,  C.  Blawialo*  has  Htudiod  i)\K  sr-paration  of  calcium  from 
different  amounts  nf  magnc'sium  and  sncccedcfl  in  getting  pxccllent 
result*  by  a  somewhat  simpler  method.  The  arid  solution  con- 
taining not  more  than  0.0  gin.  of  (^itlniuni  and  magnesium  oxides  is 
brought  to  a  volume  of  31)0  c.c,  and  heated  to  boiling;  3.5  gms.  of 
amninnium  chloride  are  added,  if  not  already  pi-esent,  and  I  gm. 
of  o.tftlic  acid.  The  complete  preripitatiim  of  the  calcium  is 
then   acoompliahed    by   slowly    neutralizing   the   hot   solution 
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with  1  per  cent,  ammonia  added  during  five  minutes.  The 
precipitate  is  allowed  l-o  stand  for  an  hour  before  filtering.  If 
considerably  more  magnesium  than  calcium  13  prcwnt,  the 
precipitation  is  effected  in  two  stages.  First  onlj*  enough  oxalic 
acid  18  added  to  combine  with  nil  the  calcium  present.  The 
solution  is  slowly  neutralized  a-s  before  and  allowed  to  stand  ten 
minutes.  Then  the  balance  of  the  oxalic  acid  is  added,  the  solu- 
tion uadc  alkaline  and  allowed  to  stand  for  an  hour.  With  more 
than  ten  times  as  much  magnesium  m  calcium,  a  double  precita- 
tion  is  desirable. 

In  the  filtrate  the  magnesiam  can  be  precipitated  by  the 
addition  of  ammonia  and  sodium  phosphate.  If,  however,  largo 
amount'^  of  ammonium  salts  are  present  it  is  preferable  to 
evaporate  to  drj-ness  In  a  platinum  or  poreelain  dish,  to  dry 
the  residue  at  nft-130°  for  an  hour  or  longer,  and  to  expel  the 
ammonium  salts  by  gentle  ignition.  The  residue  is  taken  up 
in  a  little  warm  hydrochloric  acid,  diluted  with  water,  a  littla 
cirbon  residue  filtered  off  and  the  magnesium  determined  aa 
pyrophosphate.     (Pages  Cfi-'fi!),) 

n.  Separation  of  Strontium  from  Magnesium. 

This  separation  finds  practical  application  in  the  anal>'8ia  of 
almost  all  mineral  waters  and  of  minerals  containing  strontium. 
In  all  of  these  cases,  however,  strontium  occure  in  relatively  small 
amounts  in  the  presence  of  large  amounts  of  calcium  and  var>'ing 
amounts  of  magnesium,  so  that  it  is  a  question,  first,  of  separating 
calcium  and  strontium  from  magnesium.  Tliis  separation  u 
effected  by  the  precipitation  of  the  calcium  and  strontium  aa 
oxalates  as  described  on  pp.  70  and  73, 

The  filtrate  containing  magnesium  may  also  contain  traces  of 
strontium;  hence,  after  the  removal  of  the  ammonium  salts  by 
ignition,  the  residue  is  dissolved  in  hydrochloric  acid,  sulphuric 
acid  and  alcohol  are  added,  and  the  solution  is  allowed  to  stand 
lor  twelve  hours.  Any  resulting  pi-ecipitate,  consisting  of  strontium 
or  barium  sulphate,  is  filtered  otT  and  weighed.  From  this  filtrate 
ihe  magnesium  is  precipitated  as  magnesium  ammonium  phosphate 
as  described  on  p.  66,  and  weighed  as  the  pyrophosphate. 


SEPARATtOS  OF  B^fttOM  FROM  MAGNESIUM  AND  STRJNTWV.  J9 
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in.  Separmtion  of  Barium  from  Magnesium. 
In  case  it  is  dL>MireU  to  »epanit«  only  barium  from  magnesium, 
the  solution  (which  must  be  free  from  nitiic  acid)  is  acidified 
with  hydrochloric  acid,  heated  to  bailing,  aud  the  barium  precipi* 
tated  by  the  addition  of  boiling,  dilute  sulphuric  acid  (cf.  p.  74). 
The  magnesiiun  ia  precipitated  from  the  filtrate  ae  magnesium 
ammonium  phosphate  in  the  usual  way.  In  most  cases,  liowever, 
a  aeporation  of  barium,  Etrontium,  and  calcium  from  the  magnesium 
b  involved.  For  this  purpose  the  three  alkaline  earths  are  pre- 
dpitatcd  OS  oxalates,  and  any  barium  or  atmntium  remaining  in 
the  filtrate  is  prccipilate<l  as  described  under  IL  The  magnesium 
is  determined  in  the  final  filtrate. 


IV.  Separation  of  the  Alkaline  Earths  from  One  Another. 

PrineipU, — The  mbrture  of  the  dry  nitrates  is  treated  with 
ethernalcohol,  which  dissolves  calcium  nitrate  alone.  The  residue 
is  taken  up  in  water,  the  barium  is  precipitated  as  chromate,  and 
the  strontium  is  determined.  Iq  the  filtrate  as  sulptmt«. 

{•SOCEDURC. 

(a)  Separation  of  Calcium  from  Strontium  and  Barium  accord- 
ing to  Rose-Stromeyer-Fresenius. 

The  throe  metals  arc  afflumed  to  be  present  together  in  solution 
in  the  form  of  their  nitrates.  The  solution  is  evaporated  in  & 
small  Erlctuneyer  flask,  as  described  under  lithium,  p.  55,  in  an 
oil-bath,  meanwlule  passing  a  stream  of  dry,  wann  air  through  the 
flmir  When  all  the  water  is  evapurat'ed.  the  temperature  of  the 
bath  is  raised  to  140°  C.  and  maintained  at  this  temperature  for 
fme  to  two  hours,  still  paKsiiig  the  current  of  warm  air  through 
the  flaiik.  After  cooling,  the  dry  reaidue  ia  treated  with  ten  times 
ita  weight  of  absolute  alcohol,  corked  up,  and  allowed  to  stand 
with  frequent  shaking  for  one  to  two  hours.  An  equal  volume 
of  ether  is  now  added,  the  fliuk  closed,  shaken,  and  again  allowed 
lo  stand  twelve  hcmra.  It  is  then  filtered  throtigh  a  filter  moist- 
toed  with  ether-alciihoj  and  washed  with  ether-alcohol  until  a  few 
druDS  of  the  fdtrate  evaporated  on  platinum-foil  leave  no  residue 
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The  fUtratc  is  evaporated  to  dr^'nws  in  a  lukewarm  water-bath. 
the  calcium  nitrate  is  dissolved  in  water,  precipitated  as  the  oxalate 
Will  after  ignition  is  weighed  as  the  oxide. 

Remark. — hi  case  only  a  araall  uiiiumit  of  calcium  is  present 
(not  more  than  about  0.5  gm.)  the  above  separation  is  complete. 
With  large  amounts  of  calcium,  the  residue  of  strontium  and 
barium  nitrates  a,lniast  always  ctmtfiiiis  some  calcium.  In  this 
case  the  aqueous  solution  is  again  evaporated  to  dryness  in  the 
same  way  as  before  and  t!ie  treatment  wth  alcohol  and  etlier  re- 
peated.     The  calcium  Ls  then  dolermined  in  the  combined  liltrutos, 

Tliis  separation  finds  application  in  the  analysis  of  most  laun- 
eral  waters. 


(b)  Separation  of  Barium  from  Strontium  accortUng  to 

Fresenius.  * 
Requirements. — 1.  A  solution  of  (\H,)jCt<)(  (I  c.c.  of  the  solu- 
tion shmud  contain  0.1  gm.  of  the  salt).  The  solution  is 
prepared  by  adeling  ammonia  to  a  sntution  of  ammnnium 
bichromate  (free  from  sulphate)  until  the  color  of  the  wolutioti  !«>• 
cornea  yellow.    The  sohitiim  should  be  left  acid  rather  than  alkaline. 

2.  A  solution  of  animotiium  tiectata  (I  c.c.  containing  0.31  giu, 
of  the  salt). 

3.  Acetic  acid  of  sji.  ^r.  1.055. 

4.  Nitric  acid  of  h]).  gr,  1.20. 

Procedwrc. — The  residue,  consisting  of  strontium  and  barium 
nitrates,  is  djssolviitl  in  a  liltic  water  and  for  cu'cli  gram  of  suit 
mixture  llie  solution  is  diluted  untU  the  concentration  corre- 
sponds to  .'100  c.c,  heated  to  lioiling.  treated  with  six  drops  of 
atTlie  aciil  ami  about  11*  c.c.  of  ammonium  cluomatc  solution 
(this  should  be  an  excess  over  tlie  theoretical  amount  necessary) 
and  allowed  to  stand  one  hour.  The  preci]Mtflte  of  barium  chromaw 
is  washed  by  decaiilatii^n  with  water  containing  ammonium  chro- 
mate  until  the  wash  water  vc  longer  gives  a  precipitate  with  nmmo- 
nia  and  ammotiium  carbonate;  it  is  then  waslied  with  pun!  hot 
water  until  the  last  wasliing  gives  only  a  sHght  reddish-brown 

•  Z.  anal,  ajora.,  29,  427  (1890). 
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colontioa  villi  nnutml  silver  nitrate  solution.  The  precipitate 
on  the  filter  still  contains  a  tittle  struatium.  It  is  carefullv  washed 
[back  into  tlie  vessel  in  which  the  precipitation  took  place,  while 
ty  precipitate  remaining  on  the  filter  is  dissolved  in  a  little  warm 
[dilute  nitric  acid  and  washed  into  the  dish,  finally  uddiog  enough 
litiic  acid  to  Uie  precipitate  so  that  it  dissolves  coniplett^ly  on 
'warming  (about  2  c.c.  of  nitric  acid  being  usually  necessary).  The 
bolution  is  then  diluted  to  200  ex.,  hcat«d  to  boiling,  trcntinl  nith 
C.C.  of  ammonium  acetate  solution,  added  little  by  little,  and 
ly  with  enough  ammouiuin  chromato  to  cause  tlie  disappear^ 
loe  of  the  odor  of  acetic  acid  from  the  solution  (usually  about 
10  c.c.  are  necessan).  After  standing  one  hour  the  liquid  is 
pourcil  through  a  liouch  crucible,  the  residue  is  treated  in  the  dit^h 
vith  hot  water,  allowed  to  cool,  then  filtered  and  wushcfl  with  cold 
[Water  until  tlic  filtrate  gives  only  a  slight  upulciicence  with  neutral 
iilvor  nitrate.  The  precipitate  is  dried^  ignited  gently  in  au  air- 
bath  (cf.  p.  7o),  and  wei^'hc-d  iia  UoCtO^.  The  fdtnito  is  ireatcd 
>tilh  1  C.C.  nitric  ucii,  couueulratcd  somc-wiial,  and  tlio  strontium 
precipitated  as  rarOonate  by  the  addition  of  auimouia  and  am- 
monium carlxinata.  The  precipitate,  whirli  always  eimtalnn  some 
chromate,  is  wiwlicd  once  witli  hot  water,  disstjlved  in  hydtochloriL' 
acid,  and  iheHln)ntiuni  determined  as  sulphate,  aei^ording  to  p.  72 
The  results  obtained  according  to  tlus  method  are  very  satia' 
factor/.  ExpoHnicnU  performed  in  this  laboratory*  completely 
confinn  the  rc«ulU*  obtained  by  Frescnius. 

RemaTk.-^lD  tlic  opinion  of  the  author,  alt  other  methods  for 
the  •eparatton  of  the  nlknlinc  earths  pro  incorrect  results;  for 
that  reason  thoy  will  not  Ix;  <liscu.s^ed  in  this  book. 

•  The  nsulU  vf  seven  rxperiiiiciil.*  ciivf  (a)  for  tin;  pcrwntafie  orhnrium 
chromate  obtalnKi:  D0.9.  OO.O.  100.3,  lOfJ.I.  100,7,  lOO.fi;  moan,  100.3  per 
crat.:  (h)  for  Btruhtium  Bulplinto,  100.9,  99.73,  Og.^e,  99M,  Q9A7,  De.77. 
09.0;  iiMaD.  99.7&  per  cent.    (H.  Schmidt.) 
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METALS   OF  GROUP  m. 
\nrMiNitm,  CHROMIUM.  TiTA>m.^i.  moN.  ttranium,  nickel, 

C03ALT,    ZINC,    AKD    MANGANESE. 

A.     DIVISION   OF  THE  SESQUIOXIDES. 
ALUmNIUM.  CHHOMIUM,  IRON.  TITAVIUM.  AND   Vlt.^XlUM. 

Aluminium,  Al.    At.  Wl.  27.1. 
Form;  A1,0,. 

In  order  to  rlctermine  aluminium  in  this  form,  the  metal  is  pre- 
cipitated as  its  hydroxide  and  converted  to  its  oxiJo  by  ignition 
of  the  precipitate. 

It  must  not  be  forgotten,  however,  that  aluminium  hydroxide 
existfi  in  a  soluble  form  (bydroeol)  and  in  an  Insoluble  form  (hydro- 
gel);  and  furiUer  that  the  hydrosol  ia  not  compkttly  changed  by 
boiling  into  insoluble  liydrogeL  To  accomplish  ttiis  the  pirescnce  of 
salts  in  solution  (pa-ferably  ammonium  salts)  is  also  necessary. 
Since,  however,  aumiouium  salts  become  acid  on  lung  boiling  (due 
to  the  escape  of  ammonia)  there  is  dauj^cr  of  the  aluminiuni  hy- 
droxide being  rcdJsBolved.  Furthermore,  it  is  true  that  the  liyilroge' 
gradually  changes  over  into  hydrosol  by  standing  iu  a  solution 
containing  only  a  small  amount  of  dissolved  salts,  or  by  remaining 
in  &  hot  solution  containing  only  a  stnall  amount  of  dissolved 
salts. 

From  these  facts  the  following  procedure  is  derived: 

The  solution  containing  the  aluminium  (but  no  phosphoric 
acidj  or  anything  but  aluminium  that  \&  precipitated  by  ammonia) 
IB  treated  with,  considerable  ammonium  chloride,  or  ammonium 
nitrate,  heated  to  boiling  in  a  platinum  or  porcelain  veissel,  and 
a  alight  excess  of  ammonia  *  is  added.  The  precipitate  is  allowed 
to  settle,  after  which  the  clear  solution  is  poured  through  a  filter 
which  rests  on  a  platinum  cone,  but  without  applying  suction. 

*Tbe  amxQoiuiL  should  U:  freably  distUleil.  When  'n,  hat  b«eu  kept  for 
aoy  length  of  time  in  ^as  bottled,  the  aminoiiiu  invariably  conlains  silica, 
uid  thU  l«&dH  to  high  results  in  the  caao  of  nil  preripitaUx  fomicd  by  widine 
amnxviu  \/o  on  acid  solution. 


C£TBfiM!N^nON  OF  ALUMINIUM. 
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^Tlie  prpcipitat«  is  washed  threa  times  by  dei^antation  with  hot 
rater  to  which  a  drop  of  uniiiinuiH  mid  a  liltle  aminuniutii  nitrala 
has  been  added,  and  finally  transferred  to  the  Uter.  The  pre- 
cipitate is  now  washed  as  ([uickly  as  possible  with  the  hot  wa^a 
litgiud  (so  that  tlic  precipitate  is  thoroughly  chtirticil  up  each 
time)  until  tlie  filtrate  ceases  to  give  a  test  for  ciilorine.  The  pro- 
cipitate  '\»  then  dried  as  cornptet^ly  as  possible  by  the  npplina' 
lion  of  rturiion  ruid  ignited  wet  in  a  platinum  frucible.  Aft(;r  the 
prcripitate  and  ash  have  l»eeome  white,  the  covered  crucible  is 
heated  over  the  hlai<t4amp  for  ahout  ten  minutoa,  coolcrl  in  a 
doaiccator  antl  weighed.  The  procesa  is  repeated  until  a  constant 
weight  is  obtained. 


Determination  of  Aluminium  by  the  Method  of  Chancel.* 

In  the  determination  of  aluminium  in  a  sample  of  alum  by 
precipitation  with  ammonia,  there  are  a  number  of  difficulties  to 
overcome.  In  tlie  5r8t  place  the  precipitate  always  contains  more 
or  lew  baaie  aluminium  sulphate,  and  it  re<|uires  lonj;  ignition  to 
expel  the  last  traces  of  sulphuric  anhydride.  It  is,  to  lie  sure, 
puuibte  to  wash  out  all  llie  sulphat-e  by  means  of  a  solution  of 
amiDOiiia  and  ammonium  nitrate;  the  operation,  however,  is 
very-  tmlious  and  a  ItU'ge  quantity  of  the  wash  liquid  is  required. 
Anotiicr  ilisadvantage  arises  from  the  f.ict  that  the  fUtratiou  takes 
place  very  elowly,  even  when  the  precipitate  contains  basic  sul- 
phate,  on  account  of  the  alimy  nature  of  aluminium  hydroxide. 

Dy  the  method  of  Chancel  and  in  the  two  following  methods 
iboac  difHculties  are  overcome. 

The  principle  of  this  and  the  following  methods  consists  in 
ncubulixing,  by  salts  of  weak  acids,  the  mineral  acid  that  is  set 
free  In  the  hydrolysis  of  an  aluminium  salt;  the  weak  acid  is 
finally  removed  by  boiling  or  neutralization.  In  the  Chancd 
method  the  mineral  acid  is  neutralized  by  sodium  thioaulphate^ 

2A1C1,  +  6H,Oi^2Al  (OH),  +  6HC1, 

6HC1  +3Na,8,0,=  6NaCl  +3H,0  +380,  +33, 

Procedure. — ^The  dilute,  neutral  solution   (about  0.1  gm.  Al 

•Compt.  raod..  46,  087;  Z.  bobI.  Cbeni.,  S,  391. 
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in  200  c.c.)  is  treated  with  an  excess  of  sodium  thioaulphatc  and 
boDed  until  all  traces  of  SOj  are  expelled.  Enough  ammonia  • 
Ls  theu  added  so  that  the  odor  Is  Imrcly  perceptible  after  blowing 
away  the  vapors,  and  the  boiling  is  continued  a  little  longer. 
The  precipitate  of  AlCOII),  and  S  Ih  filtered  oft,  washed  with  hot 
water,  and  ignited  in  a  porcelain  crucible.  Such  a  prepipitaio 
of  .■U(OH)s  is  much  denser  than  that  produced  by  direct  pre- 
cipitation with  ammonia  and  i-s  vci-y  easy  to  filter  and  wash. 

Rcfnark. — Thia  method  is  often  employed  for  spparating  alu- 
minium from  iron.  Ferric  iron  is  rctluced  to  ferrous  salt  by  the 
sodium  tUiosuiphate  and  is  not  precipitated.  In  this  case,  how- 
ever, the  final  neutralization  with  ammonia,  as  prescribed  lu  the 
above  directions,  should  not  be  carried  out  or  a  little  iron  will 
come  down. 

PeterminatioD  of  Aluminiiun  by  the  Method  of  Alfred  Stock-t 

The  aqueous  solutiun  of  the  aluinLiiium  salt,  wliich  on  account 
of  hydrolysis  always  shows  an  acid  reaction, 

Aici,+3Uonpi.-u(ou),+3Uca, 

is  treated  in  the  cold  with  n  mixture  of  potassium  iodide  and 
potassium  iodate.  This  mixture  in  the  presence  of  acid  is  decom- 
posed in  accordance  with  the  equation 

KIO3  +  5KI+6HCt  =  3H2O+0KCl+3Ia, 

whereby  the  equilibrium  which  existed  in  the  hydrolysis  of  the 
aluniiiuuni  salt  is  disturbed  and  the  first  reaction  continues  to 
take  place  until  all  the  aluminum  is  precipitated.  If  now  the 
iodine  in  the  solution  is  made  to  react  with  sodium  thicsulphate 
and  the  mi.\ture  is  heated  on  the  water  bath  for  half  an  hour,  the 
precipitate  collects  in  such  a  condition  that  It  can  be  quickly 
filtered  and  washed. 

Procedure. — The  solution  in  which  the  aluminum  is  to  be 
determined  should  be  very  slightly  acid ;  if  more  acid  is 
present  sodium  liydroxiJe  is  added  until  a  alight  permanent 
precipilarc    is   obtained    ivhith    is    redissolvcd    by    means    of  a 

*  If  the  atldititiu  u[  uiiununU  is  omitted,  Uiu  Dulutioo  will  retwi  traoes  of 
aluminium. 
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few  drops  of  hydiwhloric  acid.  Thereupon  equal  volumes  of  a 
23  per  cent,  potassium  iodide  solution  and  a  saturated  jiotiutaium 
ioUate  solution  (about  7  per  cent.  KIO3)  are  added.  After  about 
five  minutes  the  solution  is  decolorized  by  the  addition  of  a  20 
per  oeot.  sodium  thiosulphate  aoluiton  and  a  little  of  the  potaasium 
iodklo  and  iodale  mixture  ia  added  in  order  to  make  giirc  that 
cDoui^h  was  added  in  the  first  place.  One  or  two  c.c.  more  of 
anUum  thiosulphate  arc  added  and  the  solution  heated  half  an 
hoar  on  the  watiT  bath.  The  pure  white  precipitate  settles  out 
well,  and  ran  l>e  HlUircd  through  a  filter  with  relatively  wide  pores, 
vaahetl  with  hot  water,  ignited  and  weiglic-d  a.^  AI2O3. 

Remark. — The  prewnee  of  calcium,  niapicsium  and  boric  arid 
'does  not  interfere  with  the  above  <lclermination,  but  if  phuttphoric 
■rid  ia  contained  in  the  solution,  the  phosphate  of  aluminum  ia 
preripitateii.  It  is  obviou.i  that  the  raelliod  cannot  be  employed 
in  the  presence  of  organic  substances  such  as  tartaric  acid,  citric 
acid,  sugar,  etc^  which  prevent  the  precipitation  of  aluminium 
hydroxide. 


Determination  of  Aluminium  by  the  Method  of  G.  Wynkoop  * 
and  of  E.  Schirm.f 

Principle. — If  a  neutral  solution  of  aluminium  (iron,  chro- 
mium, or  tttaiuuin)  is  boiled  with  an  excess  of  sodium  or  ammo- 
nium nitrite  until  no  more  fumea  ait?  evcdvcd,  aluminium 
Jiydroxid«  is  precipitated  in  a  form  that  can  be  as  easily  filtered 
tJbM  of  the  last  methods. 

2AIC1, + fiHOH5=2.\I  (On)s + 6HC1; 

flHCl+6NaN'(\-6NaCI+0HXO,; 

eiLNOj  -  3HaO + 3N0  +3N'0^ 

Proetdure. — ^If  the  solution  is  acid,  enough  ammonia  is  added 
that  the  precipitate  first  formed  dissolves  only  slowly  on 


•  J.  Am.  Chem.  Soc..  19,  434  (1887). 
tCUcuZtji,  1900.S77. 


86 


GH4y/M£TRlC  ANALYSIS. 


Btirring,  An  excess  of  a  6  per  cent.  Holutioii  of  pure  ammonium 
tiilrite*  \b  then  added,  tlie  solution  diluted  to  250  c.c.  and 
boiled    until  no  more    fumes   of   nitrous  uxiJes   are  evolved 

(about  20  minutes).  The  precipitate  w  filtK^red,  washed  witli 
hot  water,  ignited  wet  in  a  platinum  cruriMe,  and  weighed  as 

AlA- 

Remark.  —  In  the  presence  of  more  than  t  prr  cent,  of 
ammonium  salts,  tliese  are  hydrnlyzed  enough  so  that  ttiewtluiion 
remains  acid  and  the  precipitation  of  the  aluminium  is  incomplete 
even  after  long  boiling.  In  i^n<-\\  a  Qf\»^,  aft-er  the  vapors  of 
nitrogen  peroxide  are  no  longer  visible,  ammonia  is  abided  drop 
by  drop  until  the  odor  is  barely  perceptible.  The  precipitate  is 
allowed  to  settle  while  the  iwakcr  its  on  the  water-balh,  and  the 
analysis  is  finished  as  above. 

If  the  solution  contains  ord;-  aUinunium  in  the  form  of  its  cblo- 
ride,  nitrate,  or  sulphate,  it  can  l>e  determined  by  evaporating  the 
solution  in  a  phiiinuni  cirucibh-  nn  the  water-bath  with  the  a<ldi- 
tion  of  a  little  Huli>huric  acid,  the  oxceAs  of  the  latter  being  finally 
removed  by  cautious  heating  over  the  free  flame  in  an  inclined 
crucible.  The  residue  of  aluminium  sulphate  in  tlien  clmngcd  to 
the  oxide  by  strong  ignition  over  the  bhust-lamp. 

In  the  eaae  of  organic  salts  of  organic  acids,  the  oxide  is 
readily  obtained  by  careful  ignition  of  the  salt  in  a  platinum 
crucible. 


*SomfltinieH  thd  rcagnnt  runtiiinii  a  liul«  SoriuTn  which  Ehould  be  j»^ 
cipitat«d  with  ammonJuta  aulphato  before  using  it  in  an  wmlyda. 


Fomu:  Ferric  Oxide,  Fe^O,,  .iml  Metallic  Iron. 
Determination  as  Fe^Oj. 
(a)   By  Precipitation  with  Ammooia. 
This  ifl  tlte  form  chiefly  used  for  the  gravimeinc  determinallon 
iron.    The  solution  containing  the  ferrio  salt  in  the  presence  of 
monium  chloride  is  heated  to  about  70°  C.  i 
in  a  porcelain  dish  or  Jena  beaker  *  and  prc- 
ctpitAted  by  means  of  a  slight  excess  of  am- 
monia.   The  prccipitat«  i»  washed  by  decan- 
tation  with  hot  water  and  finally  with  a 
strong  stream  of  hot  water  from  the  wbaIi- 
lK>ttle.t    It  is  ignited  grailually  in  a  plati> 
uom  crucible  and  finally  in  the  hatf-cov«^ 
crucn>lc   over   the    Bunscn    burncr.J    The 
ferric  oxide  obtained  varica  in  its  appear- 
ance according  to  the  temperature  to  which 
it  has  been  heated.     Gently  ignited  ferric 
oxide     is     reddish     brown,   whereas    whtii 
ilroogly  ignited  it  has  almost  the  appearance* 
graphite.     Both    forms    are    diflicultJy 
tublv  in  dilute  hydrochloric  acid,  but  can 
readily  difsolved  by  digesting  with  con- 
centrated hydrochloric  aciti  on  th4.>  wut^r-batli. 

(b)  By  Precipitation  with  Ammonium  Nitrite. 
The  precipitation  of  Fe{Oir)j  from  neutral  solutions  of  ferric 
takes  plat-e  as  described  for  aluminium,  p.  85. 

>Too  high  results  am  invxruilily  nlttainn)  in  n^linary  gUn  vcMetn.     The 

■  tbouM  be  fmhly  ilUtilled  or  the  resulu  will  }w)  lti|^, 
t  For  this  purpcno  a  wash-UniU;  xucli  on  ia  «Uowii  tii  Fig.  26  u  uMful. 
hy  ItlnwioK  ibrougli  tlM>  long  arm  uf  the  U-tube  (wliicli  U  proviilod  with  & 
Buava  valv»)  and  pbcing  th«;  thumb  ov«r  the  !ihr>rt  urn  a  continuous 
Mnaia  of  water  ia  maintainnl  which  cui  he  rtoppcxl  nl  any  time  by  removing 
tbe  thumb. 

1  It  nnot  aUvlMblo  (ohmt  tliv  covered  crucible  o\'ertbc  blast  oo  Brrcount 
b(  |!«  doncrr  of  fonning  aome  Fv,0«.  'n.«  magnvtiMn  of  »uch  apncipitate 
en  b»  iliown  by  plaebig  a  macnct  out«id«  tbe  platinum  crucib'e  and  moving 
k^nmlj  up  aad  dovo. 
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If  the  iron  is  in  solution  either  ait  the  ferrous  or  ferric  salt  of  a 
volatiie  acid,  it  can  be  readily  converted  into  ferric  oxide  by  evapo- 
ration with  sulphuric  acid  and  ignition  of  the  residue. 

a.  Detennination  as  Metallic  Iron. 

Iron  may  be  determined  by  electrolysis,  but  this  method,  offcm 
no  aiivantagtB  over  the  gravimetric  method  just  described  or  the 
following  voiim^etrie  process,  so  tliat  it  will  nut  be  discussed  in  this 
book. 

In  the  ease  of  the  analysis  of  oxide  iron  ores  or  of  mixtures  of 
considerable  iron  oxide  with  comparatively  little  alumina,  titanium 
dioxide,  or  silica,  the  following  luetliod  is  accurate  and  rapid. » 

The  finely  powdered  and  weighed  t  substance  cuntalnetl  in  a 
porcelain  boat  is  introduced  into  a  tube  of  difiicultly  fusJblo  glass 
and  heated  to  redness  in  a  stream  of  dr)'  liydi-ogen  until  no  moro 
drops  of  water  condense  on  the  coul  front  end  of  the  tube  and  the 
couteuta  of  the  boat  appear  gray  and  not  black.  By  this  means 
the  ferric  oxide  is  reduced  to  metaUic  iron: 

FejOa+3Ha=3HaO+2Fe. 

After  cooling  in  the  stream  of  hydrogen,  the  boat  ami  its  contents 
arc  again  weighed  after  remaining  some  time  in  a  denirrator.  The 
loRs  in  weight  p  represents  the  amount  of  oxygen  originally  com- 
bined with  the  iron,  from  which  the  amount  of  iron  can  be  calcu- 
lated: 

30:2Fo=p:x 

2Ke 

Reinark. — In  attempting  to  reduce  ferric  oxido  to  iron  by 
means  of  hydrogen,  it  is  vcrj-  important  to  heat  the  oxide  to  bright 

•Rivot,  Ann.  Cbem.  Phya.,  3.  Seric,  30,  ISS  (ISM);  I.iehifi'ii  Ann.,  7$, 
2U  (t8S). 

Y  Ferric  oxido  alter  having  been  powderod  ami  iKniLud  in  go  liyicnwcupio 
tliat  the  porcelain  IxiaL  kIii>ii1iI  he  plnoMl  within  r  weiglunK-bcakvr  with 
ground'-Khw*  top  immedialely  (kftqr  removing  it  rrom  the  dedccator.  nad 
Iben  weifhfd. 
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fcdocA.  At  a  dull  red  lient,  the  oxtJe  la  to  he  sun?  rt-duced  to 
metal,  b\it  m  such  case-s  black,  pyrophoric  iron,  is  formoi)  and  the 
UtU^r  ciuinot  bo  exposed  to  the  air  and  weighed  without  becoming 
oxsdiwd.  By  hradnK  to  a  bripht  red  heat,  however,  the  iron 
becomes  gray,  is  no  longer  pyrophon'e,  and  can,  if  allowed  to  coo! 
in  the  stream  of  hydrogen,  which  is  subsequently  replaced  by 
c&rbon  dioxide,  be  safely  weighp<l  in  the  air  without  fear  of 
oxidation. 

Aliboiigh  thifl  method  ia  extremely  simple,  and  the  correspond- 
ing oxides  of  aluminium,  chromium,  titanium  and  zircon,  etc., 
»re  not  reduced  under  the  same  conditions,  it  should  be  used  with 
caution  and  only  when  the  ferric  oxide  greatly  prwlominates  in  a 
mixture  of  oxides.  Othcnt-ise  the  reduction  of  the  irrm  U  incom- 
plete on  account  of  some  of  the  ferric  oxide  biMug  cncloowi  within 
the  particles  of  foreign  oxide.  This  ha-s  been  proved  by  the  work 
of  Daniel  and  Lcberlo  *  and  by  Trfadwell  and  Wegolin.t 

II  w  still  more  accurate  to  dLwolve  the  metallic  iron  produced 
in  dilute  sulphuric  acid  out  of  contact  with  tlie  air  and  determining 
the  amount  present  volumetrically  by  titrating  with  potassium 
pemumganatc  solution. 

3.  Volumetric  Determination  of  Iron,  according  to  Hargueritte4 

Although  the  volumetric  methods  are  discussed  in  ilio  seoond 
put  of  this  book,  this  determination  is  so  important  and  is  so 
uftMi  uicd  to  lest  the  purity  of  the  iron  oxide  producwl  by  a  gravj- 
DGtric  an&lysu  that  it  seems  proper  to  discxiss  it  at  this  phioo. 

principle  of  the  McOtod. 

Ferrous  salt^  are  oxidized  by  potassium  perrnangauatc  in  acid 
•olotion  to  ferric  salts: 

2KSCnO,+10Fe«O,+8H,SO,-K,St\+2Mti.SO,+SH,O-f-5Fe,(SOJr 

If.  tfaon?rore,  a  potassium  pennaoganate  solution   of  known 
.■InDgth  is  slowly  added  to  the  solution  of  a  ferrous  salt,  it  will 

•  Z.  aoorg.  CbRn.,  31.  393  (1003). 

fA  UMe  is  givra,  nbowing  Uie  results  of  twdvo  cxperimeotfl,  in  iho 
Otrawii  oliiun  o(  Uua  IxMik. 

t  Acta-  tie  chim.  «t  de  pbn.  t^l  IS  (IH^),  p.  2M. 
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be  decolorized  as  long  as  there  Temains  ferrous  salt  lo  react  with 
it.  As  Boon  as  all  of  the  ferrous  salt  has  heen  oxkiized,  tile  next 
drop  of  the  pennanganate  ■Kill  impart  a  permanent  pink  color  to 
the  solution,  whereby  the  aid-jioinl  of  the  reaction  is  detemuoed. 

Preparation,  and  Standardization  of  the  Permaaganate  SolutioD. 

In  most  cases  a  ,V  normal  solution  of  potassium  permanganate 
is  suitable,  i.e.  one  which  contains  in  one  Htor  enough  oxygen  to 
oxidize  iV  of  a  gram-atom  of  hydrogen  (I.OOS  gm.  of  hydrogen). 

Potassium  permanganate  in  acid  solution  reacts  according 
to  the  equation 

ICjO,  Mn,0,  =  K,0+2MnO+50, 

2KMnO, 

•0  that  from  two  molecules  of  permanganate  five  atoms  of  oxygm 
(«10  atoms  of  hydmgoiO  are  avitilabk',  thus; 


2KMnQ, 
10 


IDlnO. 

5 


15S.(>3 


=  31.61  gin.  KMnO|— i  gm.-atum  of 


oxygon  —  1  gm.-atoin  of  hydrogen. 


Consequently  ii  is  nctcs-sary  to  take  j'^  of  a  gram-molecule  of 
potOdsiuni  permanganate  (^t.lOl  gms.)  fo.'  a  liter  of  ^^  uomiulsolu- 
tion. 

Although  it  is  possible  to  purchase  very  pure  potassium  per- 
manganate, it  is  not  advisable  to  take  tlic  trouble  of  weighing 
out  just  this  amount  of  the  substance  and  dbwolving  it  in  exactly 
the  right  amount  of  water,  for  although  wc  might  in  this  way  obtain 
the  correct  strength  of  Rolulion,  yet  un  the  following  day  il»  value 
would  be  different,  for  the  distilled  water  in  which  the  perman- 
ganate is  (liasulvetl  almost  always  contains  traces  of  organic  matter 
oxidizable  by  the  permanganate.  Ci>n9equently  we  wdgh  out 
on  a  watch-glas-s  appn'jxiinately  the  right  amount  of  pennanganate 
3.1-3.2  gms.).  dissolve  it  in  a  liter  of  water,  and  allow  it  ttt  stand 
eight  to  fourteen  days*  before  using  it.  After  this  time  all  of  the 
oxidizable  matter  in  the  water  will  have  been  completely  destroyed. 
The  solution  ia  Altered  through  au  asbestos  Glter  and  then  stand- 
ardized. 

*  CC.  Mane.  Hopkins,  and  Walker,  Am.  C3wm.  Jour.,  18  (IS%},  p.  401. 
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Standardisation  of  tJtc  PoUisaium  Pennangatuite  SohUion, 

It  »  povfible  to  standarilizf  the  solution  by  a  number  of  differ- 
ent methods,  aa  will  be  discuKaftl  in  detail  under  volumetric  analysis. 
In  this  caae  we  are  conrcrntd  with  the  determination  of  iron  only, 
BO  that  tile  most  natural  way  for  us  to  ataiulardize  the  solution  will 
be  by  m?an5  of  chemically  pure  iron.  An  accurately  weighed  por- 
tion of  inm  id  di«»olvfd  in  dilute  sulphuric  acid  out  of  contact  with 
the  air  and  permanganate  solution  is  adLii.>d  hx>m  a  glaiu^fitopperrd 
,biir?tta  until  the  solution  remains  pink  for  oue-half  minute  after 
ighly  stirring  or  shaking. 
If  for  ihe  oxidation  of  a  pram*  of  iron  (  cubic  centimeters  of  the 
pennaoganato  sohition  were  necessary,  then 


1  c.c.=—  gnu  iron. 

The  value  -7  represent**  the  titration  value  of  the  solution. 

Rrmarks. — The  chief  difficulty  lies  in  the  procuring  of  a 
suitahlr  ^-tanda^l.  It  is  difficult  tfl  pn^parn  iron  whJrh  is  fxarlly 
100  per  cent.  purr.  Moreover,  the  purity  of  a  sample  of  iron  wire, 
such  AS  is  ordinarily  used  for  ntandardlzation,  cannot  be  dctCN 
mined  satisfactorily  liy  means  of  a  gravimr:tric  analygla  because 
the  analytieal  errors  arc  greater  than  is  usually  supposed.  The 
ferric  hyflroxide  precipitate  is  bulky  so  that  it  is  cu9toraar>-  to  take 
only  about  0.2  gm.  of  wire  for  analysis  which  yields  approximately. 
0.2S3  pn.  of  FcaOa  so  that  an  error  of  0.0003  gm.  in  the  final 
vd^k  corresponds  to  0.1  per  cent,  of  iron  in  the  sample.  The 
pTKipitate  of  ferric  hydroxide,  moreover,  often  contains  silica 
•nd  alumina  when  the  analysis  is  carried  out  in  glaA  beakers,  or 
when  ihe  reagents  used  have  been  in  contact  with  g\n3S  for  some 
time.  This  Ica<ls  to  high  results  and  the  error  may  amount  to 
0.003  gm.  Again,  in  igniting  a  precipitate  of  hyr]ratc<l  ferric 
oxide  great  care  must  be  taken  or  some  of  it  will  be  reduced  to 
»tite  as  can  be  shown  by  a  miignet  held  outaide  the  crucible.* 

*Tbe  cariMO  from  the  filtcr-jupcr  oui.v-fi  the  mluetion  wb«D  the  pr»> 
dpitAlo  and  filter  arc  bcalet)  tofjctlicr  and  too  much  beat  u  uaed  &t  tbe  start. 
UeaUuctbtcuvervd  crucible  over  tbr  blast  ULmpalaocoiiver(at''e|0|UitoFc^Ub 
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When  magnetite  is  thus  onoe  fonned  it  is  practically  impossible 
to  change  it  back  to  ferric  oxide  by  further  heating  or  by  treating 
the  precipitate  with  concentrated  nilrie  acid.  This  loads  to  low 
results,  ttlien  thrown  down  from  hydrochloric  acid  solutions 
by  the  mitUtion  of  ammonia,  the  precipitate  often  contwns  some 
cliloride  which  it  is  hard  to  remove  by  washing,  and  on  igniting 
such  a  precipitate  there  is  danger  of  losing  a  Utile  ferric  chloride 
by  volatilization.  On  account  of  these  sources  of  error  it  is 
difficult  to  carrj'  out  a  perfect  gravimetric  estimation  of  iron 
with  an  aceuracy  siiHicient  for  standardization  purposes.  The 
most  satisfaetorj'  method  is  to  determine  the  impurities  present, 
but  even  although  this  may  give  the  correct  percentage  of  iron, 
if  there  is  any  carbon,  phosphorus,  silicon  or  sulphur  present,  aa 
is  usually  the  case,  compounds  may  bo  left  in  solution  which  are 
oxidizablc  by  potassium  permanganate  so  that  a  sample  of  iron 
wire  may  show  against  permanganate  an  apparent  iron  value 
of  from  100  to  101  ptT  cent.,  in  spite  of  the  fact  that  it  eontaina 
only  00.7  per  cent,  cif  pun*  iron. 

A.  Clafiucn  *  has  propoi^cd,  therefore,  to  titandardize  potaasium 
permanganate  against  pure  electrolytic  iron  and  in  the  author's 
Laboratory  this  has  been  found  to  be  verj-  satisfactorj'.  There  is 
a  possibility,  however,  of  such  elet'trolyliu  iron  t'ouLaining  occluded 
hydrogen,  carl>on,  etc.,  which  may  exert  some  effect  upon  the 
titration,  althougli  when  the  electrolysis  w  properly  carried  out, 
these  errors  cannot  be  large.  G.  Lunge,  in  his  report  to  the  Sixth 
International  Congress  of  Applied  Chemists  t  (Home,  1U07), 
recommended  that  permanganate  should  be  stamlardixed  against 
one  of  four  substanees; 

(1)  Pure  oxalic  acid,  the  exact  value  of  which  has  been  dclor- 
mined  by  titration  against  standard  barium  hydroxide  solution. 
The  barium  hyilroxidc  is  standardized  against  hydrochloric  acid, 
which  is  in  turn  titrated  against  sodium  carbonate.  (See 
Acidimetty.) 


*  Mulir-Clii»w>ii,  l^brbuch  der  cbem.-analyt.  Titriennethods  (1896). 
t  See  also  Z.  Aogvw.  Ctium.  17,  195  (19(H). 
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(2)  Pure  iron  wu«,  the  exact  value  cE  uhicb  Is  known  by  a 
comparison  with  oxalic  aciJ  (standardized  as  above). 
^)  Sodium  oxalate.    (See  Acidimetry.) 
(4)  Hydrogen  peroxide  by  the  Nitrometer  Method. 

PreparafiOQ  of  Electrolytic  Iron. 

Some  commercial  Icitous  chloride  is  dissolved  in  water  and  a 

little  hydrochloric  acid,  the  solution  is  saturated  with  hydrogen 

sulphide,  and    filtered.    After  boiling  off  the  excess  of  hydrogen 

milphide,  the  ferrous  chloride  ia  oxidized  by  means  of  potassium 


m 


Flo.  27. 

chlorate  and  hydrochloric  acid,  the  oxceaa  of  chlorine  boiled  off, 
and  the  solution  neutniUzod  by  the  careful  additiun  of  sodium 
hydroxide.  The  iron  is  then  precipitated  by  the  barium  carbonate 
method  (sec  p.  HW).  The  woU-washed  precipitate  is  dissolved  in 
hot,  dilute  hydrochloric  acid  and  freed  from  barium  by  a  double 
precipitation  of  the  iron  with  ammonia.  The  hydrated  ferric 
oxide  thus  obtained  is  dried,  ignited,  and  reduced  to  metal  in  a 
■trnun  of  hydrogen  as  described  on  p.  SS.  The  metallic  iron  b 
dueolved  in  the  calculated  amount  of  dilute  sulpliuric  acid  out  of 
ctmtact  with  the  air  (passing  CO3  through  the  solution*).    The 

*  For  tho  gner&tioQ  of  cortKm  dioxide,  aa  aiiinratus  euaUar  to  that  sliovn 
bt  Fif.  30  ia  uaed,  only  tho  waah-bottlo  A  \a  Tillod  with  pctmaiigaiinle  k>1u- 
tioa,  uid  Um  lower  C  coDiaina  pumice  sDakiyl  whh  cvipper  sul|>tiatfi  salutiun, 
■bov*  wfaidi  ii  «  plug  of  cotton. 

Tbv  poUanum  permniig9LitiL(«  and  copiwrmilpbate  both  serve  to  remove 
n^  from  Uie  COi. 


Fio.  28. 

fastenliif;  a  pifrcn  of  fairly  hcnvy  platinum  wire  to  each;  they 
are  bent  m  that  thoy  will  convcnicnUy  pasH  through  the  neck 
of  a  Utcr-flask.  The  clectrotlcs  arc  rlenHod  by  boiling  m  con- 
centrated hydrochloric  aciil  and  finally  igniting  thi-m  over  the 
free  flame.  To  aPcomplLnh  the  Jattcr  purposi',  it  ia  convenient 
to  hang  them  upon  a  heavy  platinum  wire  whinh  i&  hacU  placed 
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on  »n  iron  ring;  thoy  are  then  heated  over  the  DQa-luminoua 
flame  of  the  Teclu  burner  (Fig.  2S).* 

.Vft*^r  the  ignition  the  electrodes  are  allowftd  to  cool  in  a  desic- 
cator and  weighed  accuratc'y  by  the  method  of  swings  {.ci.  p. 
10).  About  350  ex.  of  the  ammonium  ox&lale  solution  are  now 
placed  ''n  a  400-c.c.  beaker  and  20  c.c.  of  the  iron  solution 
(about  O..I0  gm.  Fe)  arc  added.  The  beaker  is  covered  with  a 
giUas  plaw  containing  thnn;  holes  (fig.  29).  At  the  ends  of 
the  plate  are  fa.stencd  two  corks  which  serve  to  support  the 
two  heavy  platinum  wires  u  and  h.  Through  the  two  side 
boles  arc  passed  from   below  the   bent  platinum   wires  of  the 


Fio.  29. 

rathodM  K.  leaving  them  siwprnded  from  «;  while  through 
the  middle  hole  the  end  of  the  spiral  anndo  pa-tses  and  is 
Mc^ndc*!  from  the  eross-wire  b.  The  wire  a  is  now  con- 
nected with  the  negative,  and  wire  6  with  the  positive  pole  of  a 
I>altcfy,  and  the  solution  is  elcetrolyzed  for  from  one  and  one-half 
to  two  hours  at  about  60**  with  a  current  of  0.5-07  ampere.  At 
the  «ul  of  thi.i  time  there  will  be  firmly  attached  to  each  of  the 
cathodes  about  0.15-0.17  gm.  of  a  bright,  steel-gray  deposit. 
The  rirruii  ia  broken,  one  of  th<!  electrodes  ia  removed,   and 

"'TlM-H<rlmdp(t  must  beiUxnrethp  inner  flame  maotlo.  Tbcy  should  aever 
ha  bntnl  in  tliis  w«y  whrn  a  drpmt  ifl  upnn  itKin:  The  deposit  is  lifcdy  to 
lie  ouiamA  uid  in  many  oua  the-  platinum  trill  be  alloyed.  It  is  infer  in  all 
OMi  to  dry  the  deotnidrs  in  r  drying  oveo. 
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the  circuit  again  clasod.  The  elcctrnrle  which  has  been  removed  is 
at  once  plunged  into  a  heaker  of  diKtilled  water,  tnken  out,  th© 
bottom  pdg<^  touched  with  a  pipw  n£  fiUrr-papcr  to  remove 
the  p-DAter  pari  uf  the  adherinj;  water,  and  then  wiishc<l  i\4th  a 
liberal  quantity  <il  al>Hi>lii(e  alcijhul  ihjit  has  been  distilled  over  lime. 
The  lower  edp*  is  agiiiii  toiirheti  with  filter-paper,  then  washed 
with  other  which  has  been  tlislilk'cl  over  potash,  after  which  it  U 
dried  in  the  hot  closet  until  the  ether  has  evaporated  (this  takes 
about  half  ft  minute).  Tt  is  then  placed  in  a  desiccator.  The  bcl'- 
ood  electrode  is  now  removed  from  the  rirciiit  and  subjected  to 
preclficly  the  same  treatment.  After  the  oleetriMles  have  been  iu 
the  desiccator  for  fifteen  tiunntes  they  are  weighed. 

Wliilc  the  tMihUiiHi  is  lieiiiK  electrolyzcd  llie  solvent  for  the  iron 
ahould  be  prepared.  In  the  liter-Hask  K  (Fig.  30)  arc  placed 
500  c.c.  of  water  and  50  c.c.  of  chemically  pure  concentrated  sul- 
phuric acitj.  The  contents  of  the  flask  arc  heated  to  boilings 
meanwhile  passing  a  stream  of  carbon  dioxide  through  the  liquid. 
After  the  latter  has  boiled  vigorously  for  ten  minutes  the  flask 
is  closed  at  b,  removed  from  the  Hame,  placed  in  cold  water,  and 
allowed  to  cool  in  an  atmosphere  of  carbon  dioxide. 

In  this  manner  a  solution  of  sulphuric  acid  is  obtained  com- 
pletely free  from  air,  so  tliat  there  is  no  danger  of  its  oxidizing  any 
of  the  ferrous  salt. 

One  of  the  weighed  elcctrodeg,  on  which  the  iron  has  been  de- 
posited, is  thrown  into  the  flask  containing  the  sulphuric  acid;  the 
flask  ia  immediately  closed  and  gently  heated  on  the  water-bath, 
or  belter  to  boiling,  still  passing  earbon  dioxide  through  the 
apparatus.  The  iron  dissolves  very  quickly,  leaving  no  residue.* 
The  flask  is  then  closed  at  b,  place<l  in  cold  water,  and  titrated 
with  perniangaimtc  solution  added  from  a  gIas«-stopperod  burette. 
After  noting  the  burette  reading,  the  permanganate  is  atldcd  drop 
by  drtip  and  the  flask  i«  constantly  rotated  to  insure  thorough  mix- 
ing of  the  permanganate  with  the  ferrous  solution.  When  the  .solu- 
tion po5se<4WB  a  slight  i>ink  color,  permanent  for  half  a  minute,  tho 


*  Somctiinos  a  minute  trace  at  carboD  rcui&iiifl  unduealviKl,  but  it  U  «o 
Boall  in  Amount  thnt  it  van  Mfoly  he  disregarded. 
t  tS«e  uiidur  \'oliiitietric  AualysU. 


GOOccofwatrriuid  50  v.r..  sulphuric  »rii!  snlutioii  (boiled  free  from 
UT  ITJ  the  same  way  and  allowcii  to  co<i]  in  a  stream  <.if  t-arb'jn 
dioxide),  tn  Bpe  how  much  perraanganflU-  is  in'cessary  to  impart 
ihifl  pink  color  in  the  abspnco  of  iron.  This  amount  Khonld  be 
8ublraru>rl  from  the  total  tinnibor  of  cubic  centimeiors  uf  the  per- 
inAni;&nat4>  nohition  ii5cd  in  titratinfE  the  Iron. 

The  ffsults  obtainpfl  by  thifl  procodiirp  are  excc]lonl. 

After  the  strenj^th  of  the  permanganate  soliiiion  Jiaa  been 
•ecunitely  determinwl  by  the  above  method  the  apparent  iron 
v«hic  of  a  tuunplc  of  iron  wire  may  be  determineii.  When  ihiiiis 
known  it  is  po^bU}  U)  dctdrmiuu  acuuraluly  tho  utrcuglh  of  a  new 
permanganate  solution,  or  of  the  same  solution  at  a  future  date, 
by  titrating  against  a  solution  of  the  same  wire. 

}  Tbiu  Dr.  Schuill  obLuned  tb«  foUowing  valtus*  by  u«tus  time  ntcUioda: 

1  cje.  KMoO(-O.OO^S5  g.  Fc  wich  electrolytic  iron; 
Ice.      ••      -0.005470  g."      "     iodme; 
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Dfltenniaation  of  the  Apparent  Iroa  Value  of  Iron  Wire. 

The  wire  is  cleaned  by  rubbing  with  a  piece  of  emer>'  paper  until 
it  is  perfectly  bright,  It  ia  then  passed  through  6lter-paper  until 
it  no  longer  leaves  a  gray  mark  on  the  paper.  The  wire  ia  wound 
round  a  dry  glass  rod,  making  a  spiral,  and  a  portion  of  0.15-0.2  gm. 
is  weighed  out.  This  is  dissolved,  as  described  on  p.  601,  in  a 
flask  whirh  ia  fitted  with  a  Biinsen  valve*  and  nontains  flS  r.c. 
of  dilute  fiulphurir  a«id  (50  c.i'.  walcr  +  5  c.c.  cone.  HjSO*) ;  the 
solution  ia  boiled  t  a  few  niinuU*a  after  the  iran  has  all  dissolved. 
It  is  nUowdl  to  cool,  and  is  then  titrated  with  permanganate 
which  has  been  standanlized  against  electrolytic  iron  or  sodium 
oxalate.    The  apparent  iron  value  of  the  wire  is  then  calculated. 

Every  time  a  now  .=up|Ay  of  iron  wire  ja  obtain«d  its  apparent 
iron  value  should  be  determined. 

The  following  results  of  determinations  made  with  great  care 
by  W.  -\.  K.  Christie  ia  the  author's  laboratorj'  illustrate  the 
procej5s: 

The  permangnniite  solution  was  standardized  against  iron 
wire  and  it  was  found  that  1  f.c.  =  0.00561^H)  gni.  iron.  The  purity 
of  the  sample  of  commercial  iron  wire  was  found  in  tliree  titra- 
tions to  be  99.!)3,  1(M).0  and  99.92  ]>er  cent.,  the  avpraf;e  of 
which  is  99.94  por  cent.  The  ai^tual  piuity  of  the  wire  was  deter- 
mined to  be  99.7  por  cent.  The  apparent  purity,  therefore,  13 
greater  Umn  the  actual  purity,  and  if  the  latter  were  to  Ik;  used 
in  the  computation  the  permanganate  Holutiou  would  be  found  a 
little  too  strong. 

The  author  rci-ommends  the  standardization  again»t  elec- 
trolytic in)ii  ami  compares  the  value  obtained  with  that  found 
with  iron  wircj  the  work  all  being  done  on  the  same  day.  Then 
the  apparent  trou  value  of  the  wire  will  be  known  for  future 


*  Stfll  bett«r  n  ihi'  unv  of  t!i«  kI>^  vhIvh  as  racQTnmraf|E<Hj  by  CoDtat 
(Cbero.  ZtR..  1898,  2fl8)  an.]  impruv«l  by  G»lck.il  (Z.  Annww.  Chera..  IS»>. 
A20).  When  ihc  boiling;  is  etupped,  wxlium  bicarbQOate  is  auckLHl  bstck 
into  the  eoliition,  &nd  ibcrv  Is  iw  overprMr^urc  on  ibc  ouuddc.   C/.  p.  001. 

t  The  boibng  of  the  aolutioo  is  nocfitwary,  a£  oihorwiae  hydroejirbong  or 
other  rcdiiciiiK  substAnoes  remain  in  ftolution  so  that  too  much  pennao* 
(Mi«1«  ia  umkI 


ANALYSIS  OF  FERRIC  COMPOL'SDS. 


99 


standard izationa  and  it  will  l>c  neccsBJiry  to  standardize  against 
electrolytic  iron  only  when  a  new  supply  of  iron  is  purchased. 
On  the  other  hand,  it  must  ho  adtnittet]  that  the  standardization 
against  sodium  oxalate  ia  fult  as  accurate  and  is  easier  to  carry 
out.    See  Volumetric  Analysia,  p.  697. 

Anaiyus  of  Ferric  Compounds  according  to  the  Method  of 
Margneritt^. 

From  what  has  already  l>erti  ndid.  it  is  evident  that  in  nrdcr  to 
determine  the  amount  of  iron  j)r(.Kent  in  a  suluiion  by  titration 
with  potassium  permanganate,  it  is  necessary  for  tlie  Iron  to  be 
present  entirely  in  ihe  ferrnu-s  eomlition.  In  (ink-r,  ihcrtforc, 
10  apply  this  mcUiod  to  tlie  atialysta  uf  ferric  cunipuunds,  it  la 
Erst  neeesaar}*  to  reduce  them  completely. 

To  effect  the  reduction  of  a  ferric  sulphntc  solution  we  can 
proceed  afl  follows ;  Tliesiihition  is  placed  in  a  200-c.c.liask,  acidified 
with  one-tenth  its  volume  of  pure,  coticenlratrd  sulphuric  acid, 
the  flask  is  closed  with  a  stopper  provided  with  two  Tulws  through 
which  gas  can  enter  and  leave  the  flask,  the  contents  of  the  fiask 
are  heated  to  boilinji;  and  hydroRpn  sulphide  h  passed  through  tlie 
solution  until  it  is  perfectly  colorless.  The  boiliiijj;  is  continued 
and  carbon  dioxi<le  is  now  passed  throiiph  the  solution  until  tlie 
excess  of  hydrogen  sulphide  is  completely  removed.  The  solu- 
tion is  then  allowed  to  cool  in  an  atmosphere  of  carbon  dioxide 
and  titrated  exactly  as  in  the  standardization  ot  the  Bolution  of 
pcrnuuij;aiiate. 

If  /  c.c.  of  pennanpinate  were  necessur.*  to  completely  oxidise 
tlu>  solution  and  1  e.r.  of  tlu>  jH-rmanganalc  rotr.  K]Htnds  to  «  gm. 
of  iron,  then  Iho  titrated  solution  evidently  contains  a  .  t  gm.  oE 
iron. 

iVsidcs  hydrogen  sulpliidc,  a  great  many  otiier  substances 
can  be  used  to  reduce  the  ferric  aalt,  e.g.,  sine,  sulphurous  acid, 
Btannnus  chloride.  Ilie  use  of  these  substances  will  l)o  discuB»cd 
bi  the  |K>nion  of  this  lH>ok  devoted  to  Volumetric  .\nalysia. 

Hanark. — ^The  tiiratiini  of  a  solution  by  means  of  polAs.sium 
permanganate  takes  place  preferably  in  a  sulpliuric  acid  «(»luti(>n; 
in  the  coK  of  hydrochloric  acid  too  high  nsults  will  lie  obtained 
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(due  to  the  fact  that  the  permanganate  oxiiliues  some  of  tte  acid), 
unless  the  oxidalimi  tiikes  place  iti  a  dilute  sulutiuii  in  Uie  presence 
of  a  large  excess  of  iiianganous  sulijhate.     See  \'oliunetric  Analysb. 

TiTApnnM,  Ti.    At.  Wt.  48.1. 
Tita-nhim,  when  present  in  large  amounts,  is  dptennined  as  its 
dioxiiJe,  TiO,;  but  if  only  small  aniuuiiLs  arc  to  be  det*3"niiiicd, 
as  in  the  case  of  many  rocks   and   iron    ores,  the  colorinietrio 
method  is  preferable. 

(a)  Determination  as  Titanium  Dioxide. 

The  titanium  is  prccipitatod  from  sohiiion  tither  by  means  of 
ammonia,  or  by  boiling  a  solution  strongly  acid  i\iih  acetic  acid 
and  containing  considerable  ammonium  acetate;  or,  finally,  by 
boiling  the  slightly  acid  solution  of  the  sulphate.  In  all  these 
'laaes  it  ia  precipitated  as  titanic  acid,  from  which  it  is  changed  by 
'gnition  into  TiO,. 

The  two  former  methods  are  preferable  to  the  third.  S« 
separation  of  titanium  from  alumimum. 

Qt)  Determinatioa  of  Titanium  Colorimetrically ;  Method  of 
A.  Weller.* 

(Suitnlil?  rorsmiill  anuHints  of  titanium.) 
This  detertniiiali[>n  ilejwnds  upon  the  fact  that  acid  Bolutionj 
of  iitaniuni  sulphiile  are  colored  intensely  yellow  when  treated 
with  hydrogen  ix-roxide;  the  yellow  color  increases  with  tha 
amount  of  titanium  iir<'8eEil  and  is  not  altered  by  an  excess  of 
hydrogen  ])eri)xide.  On  the  other  hand,  inaccurate  results  are 
obtained  in  tlie  presence  of  hydrofluoric  acid  (llillebraad);  wm- 
sequcntly  it  is  not  i)ermissible  to  use  hydrogen  peroxide  for  this 
determination  which  has  been  prepared  from  barium  jwroxide  by 
means  of  hydrofluosilicic  acid.  Furthermore,  chroniie,  vaiiadic, 
and  molybdic  acids  must  not  bo  prosimt,  since  they  also  give 
colorations  with  hydrogen  peroxide.  The  presence  of  small  ainounw 
of  iron  docs  not  affect  the  reaction,  but  large  amounts  of  iron  cause 
trouble  on  account  of  the  color  of  the  iron  solution.  If,  however, 
phosphoric  acid  is  added  to  the  colored  ferric  solution  it  beoomca 


i 


•  Bcriclitr,  19.  p.  2593. 
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drcolonBed,  and  from  such  a  solution  the  dctprminatinn  of  titanium 
offers  no  ilifficnlty.  The  solution  in  which  the  tilanhim  is  to  bo 
' drtprmineci  miist  contain  at  least  5  per  cent,  of  sulphuric  acid; 
an  excc'sa  docs  not  inflviencc  tho  reaction.  The  reaction  is  so 
dclicah)  tlial  0.00005  Rm.  of  TiO,  present  as  sulphate  in  50  c.c. 
solution  give  a  distinctly  visihie  yrthnv  mhiralion. 
For  this  determination  a  standard  sohition  of  titanium  sulphate 
fe  rttpiireil.  Thw  ran  be  prcparpil  by  lakinf;  O-ftOOO  pm.  of  po- 
ilnmium  titanic  lluoride  which  lias  Ix-cn  Krvfral  iiincH  riTrystiil- 
«l  and  gently  ignited  (corrcspondin;;  to  0.2  riii.  of  Ti< ),).  This  is 
ited  in  a  platinum  crucible  several  times  with  a  little  water 
and  concentrated  sulphuric  arid,  expolHiig  the  excess  of  acid  by 
fenUe  iguitiuu,  finally  ditisolving  itt  a  little  con  cent  rated  sulphuric 
and  diluting  with  5  i>sr  cent,  sulphuric  acid  to  100  c.c.  Ono 
etlfak  centimeter  of  this  solution  curresi>oiids  to  0.002  gin- TiO,. 

The  determination  proper  is  tarried  out  in  the  same  way  as 
^described  on  p.  tK),  under  the  colorimctric  determination  of  am- 
monium. 

50  C.C.  of  the  solution  which  haa  been  brought  to  a  definit« 
l<iu!  accurately  measured  volume  'a  placed  in  a  Xcztttler  tube  be- 
■Mle  a  aeries  of  other  tubes,  each  containing  a  known  amount 
of  the  atandard  titautium  Bolution,  filled  up  to  the  mark  with 
water  and  each  treated  with  2  c.c.  of  3  per  cent,  hydrogen  per- 
oxide *  (free  from  hydrofluoric  uctd).  The  color  of  the  solution 
ia  question  ia  cumpartd  H-iUi  the  standards.  Thia  method  is 
ooly  suitable  for  the  estimation  of  small  amounta  of  titanium,  aa 
Uie  shades  of  strongly  colored  solutions  cannot  be  compared 
aocuntely. 

According  to  J.  H.  Walton,  Jr.,t  titanium  in  the  praacncc  of 

vaa  may  be  determined  after  fusing  the  finely  powdered  sub- 

[staare  vith  two  or  three  times  aa  much  aodiura  peroxide.     On 

textraeting  with  water,  sodium  pertitanate  goes  into  solution  and 

ferric  oxide  \»  left  behind.    The  filtered  solution  i^  acidified  with 

V^thnric  add,  which  is  added  uitil  5  per  cent,  of  free  acid  ia 

*Tba  bytbpwwi  prroxkla  aoluticKi  ia  pfvpArH  abfirtlf  IWoM  a«a(  by 
danMaf  oanuDctdBl  potfijm  pncarbocuUe  to  <ii]ut«  volpfaurie  add, 
t  J.  Am.  Omi.  Boc,  so,  iSl  (1007). 
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present.    The  color  of  Liie  solution  is  then  compared  with  that 
obtained  by  fusing  a  known  weight  of  TiO,  with  Na,Oi,  etc. 

Chromium,  Cr.    At.Wt.  52.1. 

Forms:  Chromic  Oxide,  Cr^O,;  Barium  Chromate,  BaCrO,. 

(«)  CJtt'omic  Comjyoutitls* 

Detennination  as  Chromic  Oxide. 

1.  By  Pred/ntation  with  Ammonia  or  Amvionium  Sulphide. 

If  the  chromium  is  present  in  solution  as  chromic  compound 
it  can  be  precipitated  exactly  as  described  under  aluminium,  by 
means  of  a  slightest  possible  exccis  of  ammonia*  in  the  presence 
of  con.<jidcrab!e  ammonium  salts  (or  better  still,  by  the  addition  of 
freshly  prepared  ammonium  sulphide  solution  to  the  boiling  aolu- 
tion).  The  precipitated  Cr(0II)3  in  washed  with  dilute  ammonium 
nitrate  solution  and  ignited  wet  in  a  platinum  crucible,  being  there- 
by changed  to  the  oxide,  CrjOg.  The  resulta  obtained  are  always 
a  few  tenths  of  a  p^r  cent,  too  high  on  account  of  the  formation 
of  small  amounts  of  alkali  chromatc  even  though  the  entire  opera- 
tion Iskea  place  in  platinum  veseel^f.  The  alkali  comes  from  the 
reagents.  It  can  be  shown  that  the  ignited  product  contains 
a  little  chromate,  as  the  aqueous  extraction  always  possesses  a 
slight  yellow  color  and  gives  with  silver  nitrate  a  red  precipitate 
of  silver  chromate. 

If  phosphoric  acid  is  present,  it  will  be  found  in  the  precipitate 
In  this  ca.sc  the  dried  precipitate  is  fused  in  a  platinum  crucible 
with  sodium  carbonate  and  potassium  nitrate,  whereby  sodium 
chromate  and  sodium  phosphate  are  obtained.  The  melt  is  dis- 
solved in  water,  acidified  with  nitric  acid,  and  the  phrwphoric 
acid  precipitated  by  means  of  ammonia  and  magnesia  mixture, 
as  described  under  Phosphoric  Acid.  From  the  filtrate  the 
chromium  is  determined  as  barium  chromate  in  acetic  acid  solu- 
tion as  described  below. 

*  An  cxcca*  of  anunoaia  pT«vent«  tho  coraplute  precipUatioQ  of  Uie 
chrumium  liyJroxiilr,  tlif  tiltnxto  is  tliea  coloroil  iiiitk.  In  sutli  ciw-s  tlie 
filtrau>  muHt  1m  l)oiloc)  until  ihu  cxcbW  ot  Mnmonia  u  axpetled.  uid  tin 
chroraium  is  nil  itrocinitaud. 
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2.  By    PrecipitatMn     xeith    Pt^assium    Iodide — lodale    Solution. 
Methml  o/  Stock  and  Afassariu.*' 

Tho  detcrminatioa  U  carrieci  out  as  in  the  cose  of  aluminium 
(cf.  p.  83).  The  fllitEhtly  aci<l  f  itolution,  contained  in  a  porcclaiu 
diah,  is  tn:atc<l  with  a  mixturx.^  of  potassium  iodidu  and  Jodato, 
decolorized  after  a  few  minutes  by  means  of  sodium  thiosulphatc 
wlution,  trcatcil  with  a  little  laore  iodide  and  iodate  and  then  again 
with  a  few  e.e.  of  Kodiutn  thioaulphate,  and  heated  half  an  hour  on 
the  water-balh.  The  flocculcnt  precipitate  of  chromic  hydrox- 
ide settles  quickly,  and  is  filtered  preferably  through  a  liot  water 
fil!rf  under  alight  suction.  The  precipitate  is  igoitod  wet  in  a 
platinum  crucible. 

3.  By  Precipitation  with  Ammonium  N^ite.t 

If  the  solution  of  the  chromic  ealt  is  arid,  it  is  neutralir.ed 
with  ammonia  until  a  slight  permanrnt  precipitate  is  ohtoiniHl. 
This  pnripitatc  is  dissolved  by  the  addition  of  a  fnw  dr<^s  of 
hydrochloric  acid  and  then  an  excesa  of  6  per  cent,  ammonium 
nitrite  solution  u  atlded  and  the  liquid  l>oiIed  until  all  nitrous 
ftanea  have  bcra  expelled.  By  this  meanst  practically  all  of  the 
rhromium  will  have  been  precipitated,  but  in  order  to  throw  down 
the  last  trmces,  ammonia  is  added  drop  by  drop  until  the  odor 
of  free  ammonia  hardy  persists  in  the  solution.  The  preetpitatc 
b  allowwl  to  settle  while  the  beaker  remains  on  the  water-bath, 
'snd  ii  finally  filtered  off.  washed  with  hot  water,  ignited  wet  in 
a  platinum  cracible,  and  weighed  as  Cr,0^ 

(fr)  Chriftnuten, 

If  the  chromium  »  preaent  in  solution  In  the  form  of  an  alksQ 
chmmate,  free  from  chloride  and  large  amounts  of  sulphuric  acid. 


•fier..  IMl,  467. 

t  If  tlw  Mlatka  b  straa^  add,  it  b  nsutrallwj  J  hf  the  mUJOtm  d  pqfe 
KOH  wAMiaB  dfop  bgr  drop,  latlt  a  (aim  ptfmaanrt  tmtiidhj  k  otiuioed. 
*  E- BsUn.  CtMB.  Zlg^   1N>,  877.    Cf.  p.  III.    AccotdloK  to  Sebolhr 
.  {tKdL,  tnV,  ISOT)  iron,  ritmnntm,  •InnuBium,  ukJ  lioc  an  be 
I  hf  ■■■ns  *4  maiUat. 
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it  may  be  determined  very  accurately  by  precipitation  with  mcr- 
curous  nitrate  solution  as  mercurous  chromate;  on  ignition  tlie 
latter  is  clisnyeil  to  CTjO,. 

i'roctiiure.  —  Tbe  neutral  or  weakly  acid  solution  \s  treated 
with  a  solution  of  pure  inercurous  nitrate  whereby  brown,  basic 
mercurous  chromate,  (4Hg,0-3CtO,)j  is  formed.  On  heating  to 
boiling,  the  precipitate  become*  a  beautiful,  fiery  retl,  being  con- 
verted into  the  neutral  salt  HgjCr<J|.  Tills  red  salt  settles  very 
ijuiekly,  and  if  the  precipitation  is  complete  tlie  solution  alxjvu  tlie 
precipitate  will  be  colork*s.  After  cooling,  the  precipitate  is  filtered 
off,  washed  thorougldy  with  water  containing  a  httle  mercurous 
niti'ate,  Jrioci  andseparated  from  thefilteras  completely  as  possible. 
The  filter  is  burned  in  a  platinum  spiral  and  ignited  with  the  main 
portion  of  the  precipitate,  gently  at  firat  and  fimilly  stmngly,  in 
a  platinum  crucilile  under  a  hood  with  a  good  draft,  afterwards 
weighing  the  residue  as  CrjO,. 

The  purity  of  the  mercurous  nitrate  must  bo  tested  before  using 
it.    5  gnis.  of  the  salt  should  leave  no  rcsiilue  aftt'r  lielng  ignited. 

Tliis  excellent  method  for  the  detcmunatton  of  ehmniium 
unfortunately  permits  only  a  very  limited  application.  It 
the  solution  contains  any  considerable  amount  of  chloride, 
mercurous  chloride  will  be  preciijitated  with  the  mercurous  chro- 
mate, which,  although  volatile  on  ignition,  renders  the  precipitate 
too  bulity  and  the  method  inaccurate. 

If,  therefore,  it  la  necessary  to  determine  chromium  present 
as  chromate  io  a  solution  containing  chloride,  two  other  methods 
are  at  our  disposal.  The  chromate  may  be  reduced  by  boihng 
with  sulphurous  acid  (or  by  eva[jorating  with  concentrated  hydro- 
chloric acid  and  alcohol)  and  analyzed  according  to  (aj,  or  it 
may  just  as  accurately,  and  much  more  conveniently,  be  deter- 
mined by  precipitating  as 

Barium  Chromate, 

wliich  is  weighed  after  gentle  ignition. 

Procedure. — The  neutral  .solution,  or  one  weakly  acid  with  acetic 
iwid,  is  treated  at  the  boiling  temperature  with  a  solution  of  barium 
acetate  a<Idcd  drop  by  drop,*  and  after  standing  for  «onie  time, 

•  U  the  hariam  &cctatc  solulion  ia  added  loo  quicldy  aomc  of  it  will  be 
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is  fili^rpd   (hrough  a  Gooch  cnu-ihlo    (without  Tisiiic;  vcrv  strong 

suction,  as  otherwise  the  filter  will  soon  pet  stoppoH  up  &n<I   the 

iiluttun  will  filter  extremely  slowly).    The  proripirntc  is   washed 

IwiUi   dilute  alccihnl  and  dried  in  the  hnt  rioset.    The  cnicible  U 

mded   In  a  larger  one  of  p4>rcelain  hy  means  of  an  asbcstCNS 

'■rinE  (cf.  pagic  27)  and  heated,  at  first  gently,  and  finally  over  the 

\hill  flante  of  a  good  Hiinnen.  burner.     After  five  minutes  the  cover 

removed  aiid   the  heating  is  cuntinucd  until  the  precipitate 

kppears  a  unifonn  yellow  throughout,  when  it  13  cooled  in  a  deaio- 

ir  and  weighed. 

Stunetimes  the  precipitate  appears  green  on  the  sidea  of  the 
cTDcible  owing  to  a  slight  reduction  (by  means  of  dust,  traces 
of  alcohol,  etc.)  of  chromic  acid  to  chromic  oxide.  Tlie  latter 
fgradually  takes  on  oxygon  from  the  air  during  the  long-continued 
heating  of  the  op^  crucible,  so  that  the  green  color  gra^Iually 
di-iappeais. 

If  a  gnuna  of  chromate  were  taken  for  analysis,  and  tlie 
[barium  chromate  precipitate  wei^rhed  p  grams,  then  the  amount 
^vt  ehromitun  present  may  be  calculated  as  foDows: 

=p:» 


BaCiO. :  Cr=p 


-P. 


«Dd 


°  *  BaCrO. 
100  Cr   p  ^  „ 

Example  for  prat-Ucc:  PotaBsitun  bichromate,  K2Cr307, 
purified  and  dried  as  described  on  pages  33  and  35. 

Cliromium  originally  present  as  chromate,  or  obtained  as 
ndi  after  suitable  oxidizine  treatment,  may  be  determined 
acBuratcly  by  volumetric  methods  described  In  Part  IL 


flmkd  down  vith  the  barium  chromate,  so  that  too  hi^  remlu  will  be 
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DRAimTH,  TJ.    At.  Wt.,  238.5. 
Forms:  U,0,  and  UO,. 

(a)  Determiaatioa  as  U,0,. 

TJr&nium  Is  almost  always  precipitated  by  nipans  of  ammonift 
as  ammonium  uranate  and  changed  to  TJ»Og  by  gentle  ignition 
in  a  platinum  crucible  with  free  aacess  of  air.  Acconiiiig  to 
Zimmennan  •  this  transfomiation  is  only  complete  wlum  the 
precipitate  is  ignited  iii  a  stream  of  oxygen;  the  error  is,  however, 
80  small  that  for  ortlinary  purposes  it  can  be  neglected. 

According  to  the  temperature  of  ignition,  the  U,0|  appears 
dirty  green  or  black,  and  is  ditlicultly  soluble  in  dilute  hydro- 
chloric or  sulphuric  acidu;  in  uilric  acid  il  dif«olvus  gradually. 
By  heating  with  dilute  sulphuric  at-id  (I  vol.  cone.  H^0,  +  6  vol. 
H,0)  in  a  clo&i-d  tubu  at  15:)''-I75*=  C.  for  a  k-ng  time  (W.  F. 
liillebrand),!  the  V,(,),  is  completely  dissolved  with  the  formation 
of  urduous  and  uranyl  &ul]>liale: 

U,0,+  4II,SO.-2UO,CS04)+U(SO;i3f4H,0. 

U,0,  is  also  readily  soluble  in  dilute  sulphuric  acid  in  the 
presence  of  potassium  bichromate.  TiicKc  two  last  facts  are  taken 
advantage  of  in  the  volmnetric  determination  of  uranium  (which 
see). 

(A)  Determination  as  UO,. 

The  ignited  precipitate,  obtainecl  in  exactly  the  same  way 
as  before,  is  heated  over  a  good  Teclu  burner,  or  over  the  blaaV 
lamp,  in  a  current  of  hydrogen,  until  a  constant  weight  is  obtained 
whereby  it  i«  qiiantitativtly  changed  to  L'O,.  This  is  the  mo^t 
accurate  methotl  for  the  detenniiiation  of  uranium. 

The  L'O,  thus  obtained  is  a  brown  powder,  insoluble  in  dilute 
hydrochloric  and  sulphuric  acids,  but  soluble  in  conventraled 
sulphuric  avid  after  long  heating,  best  in  a  closed  tube.  This 
oxide  is  also  soluble  in  nitric  acid. 

""  *  Add.  d.  Cli.  ui>d  Ph..  232  (LK8fij,  p.  2S7. 

t  Bull.  U.  S.  Gcol.  Survey,  1%,  p.  SO. 
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Scpsratian  of  Iroa*  Aluminium,  Chromium,  Titanium,  and 
Uranitun  from  Calcium^  Strontium,  Barium,  and  Hague- 
slum. 

Tbe  solution  contwiing  the  above  substances  in  the  presence 
of  oooaidenible  ammonium  chloride  is  placed  in  an  Erlenracyer 
flaalc  and  treated  mth  a  alight  excess  of  freshly  prepared  ontmrn 
nhim  sulphide  free  from  sulphate  and  carbooate.  After  sLund- 
ing  oremi^ht  tbe  precipitate  is  filtered  off  and  washnl  with 
water  contaiiung  ammonium  sulphide.  It  contains  the  iron  and 
nranium  aa  sulphides,  the  ahuninium,  chromium,  and  titanium 
M  bjndroxideK.  In  case  large  amounts  of  magnesium  are  present, 
■ome  o(  it  is  almoet  always  present  in  the  precipitate,  so  that  it 
is  then  necessary  to  dissolve  the  precipitate,  after  filtration,  io 
bydrochlorio  acid  and  to  reprecipitate  with  ammonium  sulpltide. 

IiMlcad  of  using  ammonium  sulphide,  tbe  separation  caa  oe 
ieeooipIUied  sfttisfactorily  with  ammonia;  tbe  iron  must  then 
be  in  the  ferric  condition. 

Separation  of  Iron  from  Aluminium. 

(1)  TYie  solution  k  txcated  in  a  porcelain  diah  with  pare 
pola^nm  faydnnide  polution  until  Ktnragly  alkaline,  boiled, 
dDnl«d  wisb  hot  water,  and  filtered.  Tbe  precipitate  contaim 
the  itcf)  BB  hydroxide,  while  the  sohitton  oontains  the  aluminium 
m  aloaunate.*  For  the  iron  detennnataon  tbe  pieeipitAte  is 
JiilwH  bi  bydiDchlorie  acid,  leptwipitated  with  ammonia,t 
dmd«  and  wei^ied  aa  Fe/),  (Me  pagD  88).  Tbe  aluminium  is 
pne^hated  as  bydroaUe  fram  tbe  fihiate  by  acidifying  with 
aikrie  aod  and  tbcn  adAng  amoioma. 

(2)  Tbe  acid  aolntiDo  ■  treated  with  tartaric  acid  (thnpe  parts 
of  tartaric  acid  for  eaeb  pwt  of  the  mixed  oxidsa  (Fe/>,+Al/)J), 
trydiwgM  sulpbide  is  paaed  into  tbe  sofaitioa  imtil  it  is  aatiiralal, 
■B  di^t  an  exeeM  as  possible  of  ammooia  )■  added,  and  tfaeaolplidde 
t£  IBDO  is  aOovad  to  settt  in  a  dond  Eriouneycr  ftasfc.    It  is  tlicn 
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filtered,  washed  with  water  coDtiunIng  ammonium  sulphide,  dis- 
solved in  hydrochloric  acid,oxidized  with  a  IJttle  poiasaiiim  chlorate 
or  nitric  acid,  and  precipitated  as  ferric  hydroxide  by  the  addition 
of  ammonia.  The  aluminium  is  deternmied  in  the  filtrate  by 
evaporating  to  dr>-nc88  with  the  addition  of  a  little  sodium  carbo- 
nate and  potassium  nitrate.  The  re:»idue  is  gently  ignited  in  a 
platinum  dish  in  order  to  destroy  the  tartaric  acid,  after  which 
it  is  dissolved  in  dilute  nitric  acid,  the  carl>ou  Tdtered  off,  and  the 
aluminium  precipitated  from  the  solution  by  the  addition  of 
ammonia. 

(3)  The  neutral  eolutiou  of  the  chlorides  or  sulphates  (not 
the, nitrates)  is  treated  with  sodium  carbonate  until  a  slight 
permanent  precipitate  is  formed,  which  is  dissolved  by  the  addi- 
tion of  a  few  drops  of  hydrochloric  acid.  The  solution  is  diluted 
to  about  2J0  C.C.  for  each  O.I  or  0.2  gm.  of  the  metals  present,  au 
excess  of  sodium  thiosulphatc  solution  is  added,  and  the  solution 
boiled  until  every  trace  of  SO,  has  disappeju-ed.  By  this  opera- 
tion the  feriic  salt  is  reduced  to  ferrous  salt: 

2Na,SA  +  2FeClj=2NaCI  +  N'a,S,0,+2KeCI„ 

and  the  aluminium  is  proeipitatcd  as  the  hydroxide; 

arMCI,+3ir,0+3NaAO,=  6NaGl+3SO,+3S+2.MCOH)». 

The  precipitate  of  aluminium  hydroxide  and  sulphur  is  filtered 
o£f,  washed  with  hot  water,  dried,  transferred  aa  completely  a« 
possible  to  a  porcelain  crucible,  the  filter  bimied  in  a  platinum 
spiral  and  the  ash  addwl  to  the  ciojcible,  which  is  ignited  gently 
until  all  the  sulphur  haa  been  expelled  and  then  more  strongly 
over  the  blast  or  a  Teclu  burner  until  the  weight  is  constant. 

To  determine  the  iron,  the  filtrate  may  he  acidified  with  hydro- 
chloric acid,  the  SO,  boiled  ofT,  the  sulphur  filtered  off,  the  solu- 
tion o.\idized  with  nitric  acid  and  precipitated  by  ammonia  as 
described  on  page  87.  It  is  still  better  to  precipitate  the 
iron  with  ammonium  sulphide,  filter,  dissolve  ua  hydrochloric 
acid,  oxidize  with  nitric  acid,  and  then  precipitate  with  am- 
monia. 


(4)  Botli  of  tilt!  metals  arc  precipitated  with  ammonia,  filtered, 
washed,  dried,  ignited  in  o  platinum  crucible^  and  the  weight  of  the 
nmibuiHl  uxides  determined.  The  mixture  is  then  digested  with 
wmcpntrat^l  hydnjchloric  acid  to  u-hich  n  little  water  lius  been 
added  (lOHCMHjO)  in  a  covered  cnicible  until  the  iron  is  com- 
pletely disscilveil.  If  ferric  oxide  predoininates,  as  is  frequently 
the  caae,  the  srdution  is  cfTeeted  in  one  or  two  hours.  If,  on  the 
other  hand,  a  relatively  krpe  amount  of  alumina  Is  present  (as  is 
usually  the  case  with  siliciitcs),  and  which  can  be  detected  by  the 
color  of  tlu3  precipitJite  pnKiuced  by  ammonia ,  the  precipitate 
then  dissolves  very  slowly  and  in  many  caacs  only  incom- 
pletely. 

In  the  latter  case  thi'  ignited  oxides  are  brouplit  irt«  solution 
by  fuMJig  with  12-l.'i  timew  as  much  potajwiuni  pyruwulphute, 
KySjOj  (cf.  Vol.  I).*  The  decompositimi  of  the  oxides  is  usually 
complete  in  2-4  hours.  Tin:  I'nn-ilile  together  witli  its  <-f)vcr 
k  plarcxl  in  a  beaker,  water  and  a  little  sulphuric  acid  arc  added, 
sad  the  melt  k  di»Kilve<]  by  warming  gently,  and  poi^King  a  current 
of  air  through  the  wdutinn  in  order  to  kifp  the  liquid  in  motion, 
A  wnall  amount  of  platinum  is  always  dissolved  by  this  treatment. 
After  rrmo^nng  the  crucible  and  its  cover,  the  solution  is  heated 
to  boiling  and  saturated  with  hydrogen  Bulphidc.  The  solution 
is  then  filtered  into  a  Rask  and  carbon  flioxide  Is  passed  through 
it  until  the  excess  of  hydrogen  sulphide  is  completely  removed. 
The  rontimtfl  of  the  flask  arc  then  cooled  by  placing  the  flask  in 
cfill  wat<T,  the  carbon  dioxide  still  passing  through  the  flask. 
The  iron  is  then  titrated  with  potnRsium  permanganate  sohilion 
as  ilescribod  on  page  DO.  The  aluminium  is  detunnhitM  by  difTer- 
enee,  from  Uie  weight  of  the  t-nmbini^d  oxides.  For  the  detcnnina- 
Itan  of  iron  in  sUicatca  the  above  process  is  most  suitable  CHille- 
braail).  Tlie  reduction  of  the  ferric  salt  to  femius  salt  by  means  ui 
hydrogen  sulpliide  poss^'sses  great  adviuiluf;e.-i  iiver  the  rciluction 
by  means  of  zinc,  for  in  the  former  case  no  foreign  eJement  is  intro- 
duced, and  furthermore  zinc  serves  to  reduce  the  titanic  acid 


*  E.  DeitfnD  finds  that  fusiuii  with  KF.IIF  works  iwttcr.    The  plAtlnuin 
b  Dot  altAcbnl  wid  tlie  solutaon  is  eETected  mgre  readily. — Z,  angow.  Cbem., 
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that  is  almo&t  always  proRent  in  rocks,  and  this  will  be  again  oxidized 
by  the  pernianganato^  so  that  too  high  an  iron  value  will  be  ol> 
taincd. 

If  the  iron  is  all  dissolved  by  treating  the  oxides  with  hydro- 
chloiic  acid,  the  solution  is  evaporated  to  dryness  and  the  rentJuc 
is  treated  with  a  few  cubic  centimeters  of  dilute  sulphuric  acid, 
evaporflt4?d  on  the  water-bath  as  far  as  possible,  and  then  heated 
over  the  free  flanic  until  fumes  of  siilplnirii:  acid  are  evolved. 
After  cooling,  the  product  is  dissolved  in  water  and  the  ferric 
sulphate  reduced  to  ferrous  sulphate  by  introducing  a  piece  of 
zinc,  free  frwn  inm,  into  the  crucible  and  covering  the  latter  with  a 
watch-gluss.*  The  reduction  is  complete  in  20-30  muiutes.  The 
slight  residue  of  platinum  t  >s  fdtcred  off  with  the  excess  of  xinc 
into  a  llatjk  already  tilleil  with  carbon  dioxide,  llic  residue  is 
washed  with  water  that  has  been  b<jiled,  and  the  solution  is  titrated 
with  [Kjiaesiuni  peniLatigauatc  sulutiou. 

The  latter  method  is  to  bo  recouuuended  for  the  determination 
of  small  amounts  of  iron  in  the  presence  of  still  leas  aluntinium,  as 
is  the  case  in  the  analysis  of  niineml  waters. 

The  following  procedure  loads  to  the  same  end,  but  the  results 
are  not  quite  so  rcliable: 

The  solution  from  wliich  the  iron  and  aluminium  are  to  be 
determined  is  diluted  to  a  definite  volume  (e.g.,  250  c.c.)  and  two 
aliquot  portions  arc  taken  by  moans  of  u  pijaHln  (usually  100 
c.c). 

In  one  portion  the  weight  of  the  ct>mbined  oxides  of  iron  and 
aluminium  is  deti;nnined  byprecipitation  with  ammonia  and  ignition 
of  the  precipitate,  while  in  the  other  tlie  iron  is  deterrnineil  by 
titratii^n.  If  the  solution  ontains  hydrochloric  acid,  as  is  usually 
the  casCj  the  irun  is  first  precipitated  with  ammonia,  filtered, 

*  ]f  Litanium  is  pmM'Jit,  the  Molution  is  redili-cil  )iy  uicims  <if  liydrtigrn 
BUlpIii<le. 

t  PUtiaum  is  perceptibly  altackeit  by  long  digestion  witli  tenrio  chlurida 
Bolutioa: 

■4F.C1,  +  Pt  +  2Ha  -  H,PtCl,  +  4reC\. 
The  ehlomplatinic  ncid  b  reduced  to  platioum  by  the  actioa  of  tine. 


SEP.4ftATlON  OF  mON,  ^lUMlNlUM,   PHOSPHCRIC  ACID,    it: 

wuhed,  and  duBolved  in  dilute  Bulphiiru^  arid.     The  solutit>n  is 
then  mluccti  and  titratcKl  as  previuusly  dtscnbcd.* 


SeparaUon  of  Iron,  Altuniniuin,  and  Phosphoric  Acid. 

Although  the  dctcnni nation  uf  pdtmphuric  acid  has  not  yet 
beea  considered,  we  will  descritip  its  detomiination  in  the  presence 
of  inw  and  ahmiinium  tH<cau»c  this  highly  important  srpanttiDn  is 
neerasary  in  the  analysis  of  almost  all  minerals  containing  iron 
and  alumiaiiun  as  well  as  in  the  analj-sisof  many  mineral  watere. 
Two  cases  are  to  be  diirtinguished: 

1.  The  imlutton  contains  otdy  a  small  amount  (a  few  ceittigrams 
or  kss)  of  iron,  aluminiuin,  and  phosphoric  acid. 

2.  The  Bolutiun  cuntaiiu'  largt*  amounts  of  these  subetances. 

1.  In  thf  Uni  cuttc  the  dL-tL-rmiiution  of  all  three  constituents 
must  be  undertaken  in  the  same  portion,  a»  otlierwisp  errors  would 
be  introduced  on  account  of  the  small  amounts  to  be  detcrmintxl. 
Ttic  itulutiun  is  rin<t  treated  with  ainmoiila  whereby  the  iron,  alu- 
minium ami  phosphoric  acid  are  precipitutcd.t 

TIte  pretupttatD  is  ignitcil  in  a  platinum  crucible  and  weighed: 

Fe,O,+  AI,0,+  PA-A. 

The  product  is  then  fused  «*ith  six  times  its  weight  of  a  mixtiu* 
oonaisting  of  four  part.s  anhy(lrnti5  fioHium  carbonate  and  one  part 
pore  aiSca.  'Hie  mixture  is  hcat«J  over  the  bhwt.-lnmp,  the  melt 
is  cxtT«etC(l  with  water,  to  which  a  little  ammonium  carbonate 
his  btwo  added,  and  BItercd.  The  fUtrate  contains  all  of  the  phns- 
phnrid  aoid  and  a  ver>*  little  silicic  acid,  while  the  residue  contains 
all  of  the  iron  and  aluminium  and  considerable  silica. 

For  the  di-l/'niiinntion  of  the  piiosphoric  acid,  the  filtrate  is 
c\'Bprjrated  with  hydn>r>iloric  acid  on  the  water-bath  to  drj'ness, 

*  It  b  BMMMry  to  ^  rid  of  tho  hydrochloric  aciil  on  account  of  {t«  action 
upon  potaaiam  pdmanganAt^  (rt.  Vol.  Anal.,  under  Imn>. 

t  Tlir  plKMiphnric  wid  w  iiftmlly  pn'M-nt  in  Much  nuKJ)  amount*  that  tho 
linn  knii  aluniiniiim  an:  man  tlmri  flutlk-tciil  to  effMrt  the  precipitation  uf  lUI 
llw  pboKphofic  odd,  vn  tlw  addiUuii  of  unmonis,  u  pbovphmtiis  of  IhtMO 
BMtala 
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in  order  to  remove  the  silica,  the  residue  is  mcistened  with  hydro* 

chloric  Bcid,  taken  up  in  a  little  water,  filtered,  and  the  phosphoric 
acid  precipitfltpd  in  the  filtrato  by  the  a<ldition  of  ammonia  and 
"ma^^nesia  mixture."  The  precipitate  of  ntngnesium  ammonium 
phosphate  is  changed  to  magnesium  pyropliosphate  by  igmtion  and 
from  its  weight  p  the  amount  of  phosphoric  anhydride,  P3O4,  is 
calculated  C=^I^}  = 

Mg,P,0,:PA=p:B, 


H  = 


PA 


-Mg,P,0, 


•p. 


By  subtracting  U  from  A  tlie  combined  weight  of  the  iron  and 
aluminium  oxides  is  obtained,  in  wliich  the  iron  is  determined 
volumetrically  and  the  aluminium  by  difference,  ^or  tlie  deter* 
minatiim  of  the  iron,  the  insoluble  rcsitkic,  obtained  after  treating 
the  product  of  tlie  fusion  with  water  and  anunoniuni  carbonate, 
it>  tligetited  with  hydrochlurio  acid  in  a  small  porcelain  crucible 
until  the  iron  nxide  is  completely  iltwolvcd.  The  solut  ic»n  is  treated 
with  dilute?  sulphuric  acid,  evaporated  on  the  water-bath  as  far 
as  possible,  and  then  over  a  free  flame  until  fumes  of  sulphuric 
anhydride  are  evolved.  After  cooling,  wiiti'r  is  addwl  and  after 
digesting  on  tlie  water-bath  for  a  long  time  tlie  silica  is  lillered 
off,  the  solution  reduced  by  means  of  hydrogen  miljjiiide  (cf.  p, 
ll>9,  8ub.  A),  and,  aficr  removing  the  e.xireHs  uf  hydrogf-n  sulphide, 
the  iron  is  titrated  with  iinrmangaiiato  solution.*  From  the 
amoimt  of  permaiiganuto  u^)C<i,  tlic  amount  of  ferric  oxide  (C)  can 
bo  ealuulatctl,  and  by  dedurting  this  amount  from  the  weight 
of  the  combined  oxidcsj  the  weight  of  the  AljO,  is  aBcortaiued: 
A-CB+0  =  A1,0,. 

2.  In  COM  the  solution  contains  large  amounts  of  iron,  alu- 
minium, and  phosphoric  acid,  it  Ja  divided  into  three  aliquot  por- 
tions and  in  one  the  value  of  "  A  "  la  detwrniinod  by  precipitation 
with  aramooia;  in  the  ttecond  the  pho.xphoric  acid  is  determined 
by  tlie  molybdat«  method;  and  in  the  third  the  iron  is  dotormined 
by  titration. 

*  Iiwtend  of  mlucinj^  the  imn,  tbi?  ferric  salt  may  be  titratAd  directly 
with  titanuiw  ubiorjde  (cf.  p-  099),  or  iwlum«trically  (c(.  p.  681). 


Separatioa  of  Iroa  from  Chiomitun. 


1.  The  chromium  is  oxidizer!  in  alkaline  solution  by  means  of 
rhlorine,  bromine  or  swiium  ptroxide  to  a  soluble  chromate,  and 
the  tnaoluble  ferric  hydroxide  is  tittered  oET. 

Proc4'dun. — ^The  sohiiion  of  the  chlorides,  which  should  bo 
placnl  ill  an  lilrlenmeyer  flask  uf  Jctiu  glass  provided  with  a 
gTound-g1a»K  stopper  and  tubes  by  which  gwi  may  enter  an4l  leave 
the  llaak.  is  treated  with  iMitawsium  hydruxide  sohition  until 
stnxigly  alkaline,  waniit^l  uii  Ihu  water-bath  aiKJ  rlilorinc  gas  Is 
cunduet«U  through  the  liquid,  or  brotiunu  water  is  addwl,  until 
it  bcromce  distinctly  yellow  aiid  the  ferrie  liydrr>xlde  has  aa- 
BUttieil  its  characterititic  rcddish-browii  color.  When  the  oxidation 
is  performed  by  chloiine  gas,  0.5  gni.  of  the  irnxed  oxide»  will  be 
a-'ii>ptetely  oxidized  in  fifteen  to  twenty  niinulca.  The  solution  ia 
dilute*!  with  water  and  filtered.  The  filtrate  la  carefully  acidified 
with  acetic  acid,  the  chmmiuin  prLt-ij)itated  by  the  addition 
of  liarium  acetate,  and  the  precipitate  of  barium  chromate  a 
tnated  aa  described  on  p.  104.  The  ferric  hydroxide  is  diiwolvcKl 
tn  hydrochloric  acid,  reprecipitated  with  ammonia  and  weighed 
as  ferric  oxide. 

Remark, — If  the  chromate  is  to  be  determined  as  barium  chro- 
niAte,  the  solution  must  contain  no  sulphuric  acid.  If  the  latter  is 
prrwnt,  the  chromate  is  rednce^l  by  evaporating  with  hydrochloric 
acid  and  alcohol;  the  Roliitinn  of  chromic  chloride  thug  obtained 
is  precipitJited  with  ammonia  and  the  chromium  determined  as 
dmmic  oxide. 

In  the  CAse  of  a  precipitate  containing  iron  and  chromic  oxides, 
h  if  fuaed  with  aodium  carbonate  and  a  little  potassiiun  chlorate, 
the  melt  ispxl.rAcled  with  water,  and  the  ohrominni  is  dotemiincd  in 
the  Bolution  by  precipit.iting  with  barium  acetate.  The  insoluble 
rcaidue  from  the  aqiieoua  extraction  of  the  fusion  is  dissolved  in 
hydrochloric  acid,  precipitated  with  ammonia,  and  the  iron  detcp- 
Buncd  u  ferric  oxide. 

If  H  is  desired  to  precipitate  the  chromium  as  mercuroua 
bt«,  the  precipitate  containing  the  iron  and  chromic  oxides 
with  sodium  carbonate  and  potacaium  nitrate,  the  melt 
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extracted  with  water,  the  solution  nculnUizcd  with  nitric  acid  and 
precipitated  with  nicreurous  nitrate  solution,  as  dcsi'ribcd  on  p.  104. 

2.  It  hcs  bron  propoerd  to  anolyw  the  niixturr  of  ferric  and 
ehroiiiie  oxides  by  strongly  igniting  them  in  a  stream  of  hydrogen 
whereby  the  ferric  oxide  is  reduced  to  metallic  iron,  while  the 
chronuc  oxide  ib  unrhanpicd.  The  iron  cnuiti  then  be  di-teniiincd 
by  (he  loss  of  weight.  This  method,  although  theoretically  very 
simple,  seems  from  experiments  carried  out  in  the  author's 
laboratory  to  be  absolutely  inadequate,  for  the  ferric  oxide  is  so 
envtlopi'd  in  chromic  oxide  that  it  is  not  even  approximately  re- 
duced even  ^\wx\  heated  over  the  blast-lamp. 

3.  Iron  n;p.y  Ix>  separiite<l  from  chromium  by  precipitating 
the  fonncr  with  Hmtnuniuni  milphiiie  from  a  solution  rontaiuing 
■lutlicient  amnioniiim  1arirat<>  to  prevent  the  precipitation  of  the 
ohromium.  The  8e|KU'aiion  is  the  same  as  waa  described  under 
aluminium,  p.  107,  sub.  3. 


Separation  of  Aluminium  from  Chromium. 

If  the  chromium  is  presi'nt  at:  cthrdmic  salt,  it  is  oxidize'!  by 
means  of  r.hlorinc  or  bmnune  in  a  solution  made  strongly  alkaline 
with  potassium  hydroxide.  The  solution  is  then  aeidifiod  Mith 
lUtric  acid,  and  the  aluminium  precipitated  by  anmtonia  as  hydrox- 
ide, being  weighed  as  the  oxide.  In  the  absence  of  sulphuric  acid 
the  chromium  may  l*p  determined  in  the  filtrate  as  barium  chn^- 
mate  (cf.  p.  104).  If  sulphviric  acid  is  present,  the  chromate  is 
reduced  to  chromic  salt  again  by  tlie  action  of  concentrated  hydro- 
chloric acid  and  alcohol,  precipitated  with  ammonia,  and  weighed 
as  the  oxide 

If,  however,  the  chromium  is  already  present  as  chromale,  the 
aluminium  is  at  once  precipitated  with  ammonia  as  hydroxide. 


Separation  of  Iron  from  Titanium. 

It  is  frequently  necessarj*  to  detenninc  both  iron  and  titanium 
in  a  precipitate  produced  by  ammonia  consisting  of  a  mixture  of 
thc6C  two  oxides  alone,  but  it  is  more  often  necessary  to  determine 


Utanjutn  in  the  presence  of  iron,  aluminium,  and  phosphoric  acid, 
mH  of  which  an  precipitat«d  by  ammonia  in  th«  anAl}'sts  of 
rx-ks. 

For  tb«  se>panttion  of  titanium  from  iron  In  the  &bscnoe  of 
ahinuna,  the  foUowinit  methods  are  suitable: 

1.  The  precipitate  produced  by  ammonia  is  ignited  and  then 
foKd  ^ith  15-20  times  as  much  nf  previously  dehydrated  potas- 
lAoxa  p>Toeulphate  over  a  sn^ll  flame  until  com|>letely  attacktd. 
After  cooUng,  the  melt  is  duwfilvcd  in  cold  water  contaiiiinK  sul- 
pbtxrie  moid,  and  the  sohitioti  is  hastc^ncd  by  keeping  the  liquid  in 
nwtioa  by  means  of  a  current  of  air  ]>nst*t  d  ihmugh  it. 

Hie  solution  thus  obtained  in  diluted  to  a  definite  volume,  and 
after  being  thoroughly  mixed  is  divided  into  two  portions,  one  being 
*arti  fnr  the  (ictermination  of  titanium  and  the  other  for  the  detei^ 
minatioD  of  iron.  For  the  h'on  determination,  the  acid  solution  is 
MtnraU^l  with  hydrogen  sulphide  in  the  rold.  heated  lo  boiling,  and 
the  prectjMlate  of  platinum  Kulphide.RuIpliur,  and  a  little  tituitiura 
is  filtered  off  into  a  flask  filleil  with  eArbon  dioxide,  and  washed 
thoroughly  with  hot  water.  The  filtrate  l8  heate<l  to  Ixiiling  and 
carbon  dioxide  is  passed  through  the  solution  until  tbe  oxccm  of 
kydrogen  sulphide  is  completely  removnl,  when  it  is  cooled  in  an 
Mmocphere  of  carbon  dioxide  and  then  titrated  %nth  prrman- 
f^DMXt,  For  the  tit.aiiium  detcrmiiiatinn,  the  other  part  of  the 
■ohition  is  treated  with  sodium  carbonate  solution  until  a  slight 
IvedphAte  is  formcf);  thi^  is  di.s<^lvrd  in  as  little  sulphuric  acid  as 
pemSbit,  saturated  with  hydro^n  sulpliide  in  the  e^ild.  and  5  gma. 
of  sodium  Boctate  which  has  been  neutralized  with  acetic  acid  *  are 
added.  Carbon  dioxide  is  conducted  through  the  solution,  it  is 
heated  to  boiling,  filtered  hot,  washed  with  water  containing  hydro- 
gBD  sulphide,  ignited  lA'et  in  a  platinum  crucible,  and  weighed  aa 
TKV 

tbmark. — U  eonsiderable  iron  is  present,  the  titanic  oxide  thus 
is  likely  to  contain  iron.  It  is  brought  into  solution 
■pUo  fay  fusing  with  potassium  pyms'ilphate  and  the  prenpitatinn 
is  repealed  exactly  as  before.  In  tiiis  way  a  precipitate  free  from 
imu  Is  obtained 

2.  The  Chanrd-Stmmayer  method  is  also  satisfactory.    The 
^Qtion  fn>m  tlu>  pyrusulphalc  fui>ion,  ui  Uils  cmee  after  being 
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neutralized  Mith  sodium  carbonate,  is  treated  with  an  excess  of 
sodium  lliiosiilpliatt'.  diluted  to  about  400-500  c.c.  and  boiled  for 
some  time.  In  tliis  way  inetatilatiic  acid  and  siilphnr  are  precipi- 
tated, while  iron  reiiiaiiis  in  solution.  During  the  filtration,  how- 
ever, the  finely  dividetl  sidpluir  passes  throuph  the  filter,  so  that 
the  first  method  is  preferable.  In  the  presence  of  considerable 
iron  the  metatitanic  acid  obtained  by  this  method  is  also  contam- 
inated with  iron,  so  tlxat  the  stparalion  must  be  repeated. 

Separation  of  Aluminiuin  from  Titanium. 

It  has  been  proposed  to  separate  aluminium  from  titaaium  by 
taking  the  sliRhtly  acid  solution  from  the  pyrosulphate  fusion 
(pane  115)  dilutiog  to  a  large  volume  and  IwilinK  for  some  time 
ou  the  assuuiptiou  that  nicttititanic  acid  will  precipitate,  leaving 
alumiuium  sulphate  in  solution.  This  method,  however,  is  useless, 
for  alumina  is  precipitate<i  with  the  metatitanic  acid  unlefiiathe 
solution  contains  enough  acid  to  prevent  thia  hydrolysis,  in  which 
case  a  considerable  amount  of  titanic  acid  remains  in  solution. 

The  boat  Reparation  is  that  of  tlooch;*  it  CfmsiHts  nf  Uiiling  a 
solution  of  thf  two  clemente  containing  ronsidrrahlp  free  acetic 
acid  and  alkali  acetate;  by  this  means  all  of  the  titanium  and  none 
nf  the  nluniiniuni  is  precipitated.  If,  however,  the  amount  of 
aluminium  present  is  Iflr^'(o8  is  usual  in  rock  analysis),  the  pre- 
cipitate will  contain  some  aluminium,  so  that  the  separation  must 
be  repeated.  In  no  case  is  there  danger  of  the  precipitation  of  iho 
titanium  being  incomplete. 

In  practice  it  is  almost  always  neoessarj*  to  separate  the  titanium 
not  from  aluminium  alone,  but  from  iron  and  aluminium,  so  that 
the  method  of  ■Gooch  will  be  described  for  this  more  general  case. 

The  solution  obtained  by  dissolving  the  pjTosutphatc  melt  in 
cold  water  is  treated  with  three  limes  as  nmeh  tartaric  arid  as 
the  weiphi  of  the  oxides,  is  saturated  with  hydrogen  sulphide 
gas,  and  then  made  slightly  ammoniacal.  By  this  means  all  of  the 
iron  i3  prceipitatcil  b.s  fermus  sulphide,  while  the  aluminium  and 
tttaniuni  remain  in  soluiiim.  Tlie  sulphide  of  iron  is  filtered  off, 
ihe  filtrate  is  acidified  with  sulphuric  acid,  heated  to  boiling,  and 
the  pncipiUite  nf  sulphur  and  pliilinum  sulphiile  (the  latter  from 
Uie  platinum  crucible  in  which  the  fusion  n-ith  p>Tosulpbat«  wac 
*  CUvuuuU  Xeu-B.  52.  do.  55  and  &S. 
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jnade)  is  filtered  ofT.  Thc>  Bltratc  Is  bailed  to  expel  the  last  traces 
faydro^n  sulphide  and  the  tartaric  acid  is  destroyed  by  adding 
2}  timc'S  aa  much  [mtussium  perm angaii ate  as  the  amount  of  tar- 
tftiic  acid  present.  Sulphurous  acid  is  thdi  added  until  the  precipi- 
tetrd  mangauesit  diuxide  ia  rediRsolvcd,  afier  which  a  slight  exeoss 
of  ammnnia  is  added  and  theu  7-10  c.c.  uf  glacial  acetic  acid  fur 
escil  100  c.c.  uf  solution.  The  solution  va  iKiiled  for  one  niinutCj 
the  precipitate  is  allotred  to  settle,  and  the  filtrate  is  decanted 
jugh  a  filter,*  transferred  to  the  filter,  washed  with  7  t>er  c-ont. 
"fteelic  acid  and  finally  with  hot  water.  Tlic  dried  precipitate  is 
ipiitett  over  ft  Buiibor  burner  for  from  fiftenn  to  twenty  minutes 
aiid  then  weij^lirrd. 

Tho  precipitate  contains  manganese  and  alumhiiuni,  so  that  It 

is  fuBed  with  three  tinu^R  a.-^  nimh  sodium  carbonate.    The  melt 

(colored green  by  the  nmngancHr)  is  leachird  with  cold  water,  leaving 

^sodium  tnetatitanatefandsomeoluiniim  undissolved.  The  precipi- 

bte  is  filtereci  off  by  means  of  a  small  filter,  is  ignited  in  a  platinum 

able,  and  fused  again  with  a  Utile  sodium  carbonate.    After 

'oooling,  the  contents  of  tlie  crucible  arc  dissolved  in  !.9  c.c.  of 

sulphuric  acid  (1  \-oI.  cone.  iI,SO,:I  vol.  IIjO)  diluted  to  about 

150-200  c.c.  and  treated  with  5  gm.  sodhim  acetate;  and  one-tenth 

its  volmnc  of  glacial  acetic  acid.    After  boiling  one  minute  and 

ring  to  stand  until  settled,  tho  precijiitate  is  filtered  off,  washed 

rith  7  per  cent,  acetic  acid,  then  with  water,  dried,  ignited,  and 

'veightd.    Tliis   prccipitjite   usually  contains   aluminium,  bo  that 

h  ia  ai^n  fustnl  with  sodium  carbonate  and  the  melt  again  treated 

with  sulphuric  acid,  etc.,  exactly  as  descrilx'd  aliove.    Thiti  time 

tlic  precipitate  is  usually  free  from  aluminium,  but  the  process 

Mild  be  re|)eated  until  a  cauBtaiit  weight  is  oblained. 

Tiiifl  flnah-sis  docs  not  require   much   time,   for  usiially   the 

■mount  of  litaniutn  preiteut  ia  &o  sinaJl  Uiat  the  precipitates  filter 

and  waiih  quickly. 

For  the  determination  of  very  small  amoiuits  of  titanium,  it  is 
ftflvisable  to  use  the  oolorimetrin  method  proposed  by  Wcller 
(ef.  p.  100).  Under  the  analysis  of  silicates  will  bo  discussed  a 
iprarticul  example  of  this  determination. 

'  Schlrktier  &  Sohoira  filt^r-papftr  No.  .WD  in  mtinfactxiry  for  thie  purpoM. 
\  The  aodium  UiClrtLilAiuitr  urxWicoeit  hyilrolyitu  and  (oniia  a  procipilaU 
LW&twnifig  a  much  biiiher  iMtreeiitage  of  TiOi. 
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Determiuation  of  Titanium  in  Rutile  and  Iron  Ores.* 

This  method  \a  based  on  the  voIatili«atioii  of  tlic  aiUca  by  hydro- 
fluoric acid  in  the  presence  of  sulphuric  acid,  evaporation  to 
drj'ness  and  fusion  with  sodium  carhonato  and  a  little  potassium 
nitrate  (which  converts  the  iron  and  titanium  to  insoluble  ferric 
oxide  and  sodium  acid  ti'tnnate)  extraction  with  hot  water  to 
remove  the  soluble  phosphates,  sulphates  and  aluminates,  solu- 
tion of  the  ferric  oxide  and  sodium  titaualt  ia  hydroclilon'c  acid, 
extraction  of  feme  clilnride  with  ether,  reduction  of  slight  traces 
of  iron  with  sulptuirous  acid,  precipitation  of  the  titanic  acid  hy 
boiling  in  acetic  acid  solution,  filtration  and  ignition  to  titanium 
oxide  (or  the  titanium  may  be  determined  colorimetrically). 
The  method  is  accurate  and  not  long. 

Ftocedure. — The  sample  is  weiglied  into  a  platinum  crucilile, 
treated  with  a  little  water,  5  to  10  drops  of  sulphuric  acid, 
and  1  c.c.  of  hydrofluoric  ncid,  and  the  mixture  heated  care- 
fully until  finally  no  more  sulphuric  acid  fumes  are  evolved 
Five  or  10  grams  of  sodium  carbonate  and  a  little  potassium 
niti-ftte  t  are  added  and  the  mixture  fused  at  least  thirty  minutes. 
The  cmeiblo  and  cover  arc  cooled,  placed  in  a  beaker,  covered  with 
hot  water,  and  heat«d  until  the  itielt  is  disintegrated.  Fcrrii:  oxide 
and  8odiuni  titanate  arc  left  insoEubEe  ia  hot  water.  The  crucible 
ia  removed,  washed,  and  any  adhering  particles  of  ferric  oxide 
and  hydrolyzcd  sodium  titanate  are  diiisulved  in  hot  hydrochlonc 
acid  (sp.  gr.  1.1).  This  solution  is  saved.  The  residue  in  the 
beaker  is  filtered  and  waahed  with  Lot  water.t  The  filter  is  per- 
forated and  the  residue  carefully  washed  into  a  clean  beaker  with 
hydrochloric  acid  (ap.  gr.  1.1).  (No  water  iu  to  be  added  from 
this  stage  uf  the  unalyKUs  uutil  after  the  treatment  with  ether.) 
The  bydrochluric  acid  waahlugs  frouk  the  platinum  crucible  are 
transferred  to  the  beaker  and  the  whole  heated  on  the  but  plate 

"  O.  L.  Barnol-y  «ii»l  11-  M.  Uham.     J,  Am   Clicm   Sor  ,  »2.  1157  (1010), 
fTtio  potassium  uitratc  m  addixJ  to  miike  sure  that  the  cnicibb  is  Dot 

itijurDd  by  utiy  sulfide  or  reducible  metul  wliidi  may  bi-  (iresi-nt.    Tno  much 

nittate  should  not  be  added;  it  will  injure  the  c-nuiblp  and  aloo cau»c  the  melt 

to  efTcrvGsce  badly. 

X  The  r««idue  should  not  he  wavh«d  with  tiio  much  hot  vrater;   tlir  Itytl- 

rotysifl  of  tliu  Hodium   litniiate  iiiiiy  gu  m>  fnr  liixt  tlic  n>«iduo  will  not  dia- 

solv«  ia  hydrochloric  acid. 
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Qotil  solution  is  complete  and  the  tuCal  volume  reduced  tu  15  or 
20  c.c.  The  solution  is  then  cooled,  2  c.c.  of  toucentraled  hydro- 
chloric acid  are  added  and  the  solution  Is  transfen'ed  to  a  scpara- 
tory  funnel,  the  beaker  beioji  rinsed  with  hydrochloric  acid 
(sp.  gr.  1.1).  An  equal  volume  oi  ether,  which  has  been  saturated 
with  concentrated  hydrochloric  acid  solutiouj  is  added  to  the 
mhltioD  in  the  funnel,  a  rubber  stopper  is  inserted  in  the  top, 
the  funnel  is  mvertoU,  the  stop-cock  opened,  and  the  whole 
tlioroughly  shaken.  The  stop-cock  is  then  closed,  the  funnel 
placed  ia  an  upright  position  and  allowed  to  stand  ten  minutes, 
vfaea  the  aqueous  layer  is  drawn  off  into  a  second  separatory 
(iiAnel.  The  ether  is  rinsed  twice  by  shaking  well  with  5  to  10 
cc  portions  of  hydrochloric  acid  (sp.  gr.  I.I)  aiid  the  washings 
are  added  to  the  aqueous  solution.  The  ti-eatment  with  ether 
is  repeated  two  or  tJiree  times  until  the  last  portion  of  ether 
latls  to  show  any  greenish  tinge  due  to  the  prertence  of  dissolved 
ferric  chloride. 

Tlie  aqueous  solution  containing  all  the  titanium  In  the  pres- 
ence of  littlr,  if  any,  iron  and  ahiininium,  in  heated  to  expel  the 
diaaidved  ether,  20  c.c.  of  sulphuric  acid  (I  :  ])  are  ndilnl,  and 
tlie  Rululion  evaporated  luitU  fuines  of  sulphuric  anhydride  are 
red.  The  cooled  solution  is  diluted  to  about  100  c.c.  and 
iy  neutralized  with  ammonia.  One  or  two  grams  of  animo- 
nium  bisulptute  arc  added  and  the  solution  heated  on  the  liot 
,|iUto  for  half  an  hour.  Ten  to  15  grams  of  amniomura 
faeetate  are  now  added  with  5  to  10  c.c.  of  glacial  acetic  acid, 
and  the  wlution  boiled  for  fifteen  minut«s.  The  precipitated 
.litanio  acid  is  filtered  o£f.  washed  with  7  per  cent,  acelic  acid, 
fliputixl  and  weigtied  aa  TiOs. 

Separation  of  Uranium  from  Iron  and  Aluminium. 
The  slightly  acid  suhitiou,  [■ontainiii^  <'4iiihi[k<nil>le  ((uantities 
ammonium  salts,  is  treated  with  nn  excess  of  anunoninin  car- 
Ibonate  and  then  with  ammonium  sulphide,  allowed  to  stand  for 
kaome  time  in  a  closed  llask,  finally  filtered  and  washotl  with  water 
[vDataining  ammonium  sulphide. 

The  precipitate  contains  the  iron  as  sulphide  and  the  aluminium 
hydroxide:    in   the  fiUritc  is  found  all  of  the  umnium  as 
(NHi}|U03(CO»)3'    The  precipitate  is  dissolved  iu  hydrochloric 
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acid,  its  solulion  freed  from  hydrogen  sulphide  by  boilinj;,  the 
ferruus  salt  uxidued  tu  ferric  Hall  hy  llie  addition  uf  putatusium 
chlorate,  and  the  iron  and  aluminium  determined  by  one  of  the 
methodH  dcaeribed  on  pages  107-100. 

The  fdtnite  eonlaininp  the  uranium  is  evaporated  almost  to 
drj'neas,  acidified  with  hydro rliloric  ncid,  boiled,  and  the  uranium 
precipitated,  by  the  addition  of  ammonia,  as  ammonium  uranate. 
The  precipitat-e  \s  Bltered  ofT,  washe*!  with  2  per  ecnt.  ammonium 
jiitrate  solution  to  which  a  Utile  ammonia  has  been  added,  dried, 
ignited,  and  weighed  as  I'sOb. 

Thfi  riMidi  obtained  may  be  verifie<l  by  heating  the  residue 
repeatedly  in  a  cxirrent  of  hydrofjien  in  a  Rose  crucible  (sec  Copper 
Determination }  until  a  constant,  weight  is  obtained;  weighing 
as  L"Oj.  The  purity  of  the  preripitatc  may  elso  be  tested  volu- 
metrically  {see  Volumetric  .\nalysi3). 

B.  DIVISION   OF  THE   MONOXIDES. 
MANr.ANESE.  NK^KEU  COBALT.  ZI.N'a 

Maoganese,  Mn.    At.  Wt.  61.93. 

Forms:   MnSO,,  MnS,  Mn;t04,  lAn.V-iOj, 

I.  Determination  as  Manganous  Sulphate,  MnS04. 

Tliif*  method,  (insi  propo^^ed  by  \'«jlliard,*  Iiaji  recently  been 
tested  by  Gooeh  and  Austin, t  ft"*'  has  been  foimd  strictly  accurate. 
Experinicnts  performed  by  Schudel  in  the  author's  laboratory 
completely  tniifirm  Gooch's  results. 

I*roctduri\ — The  oxide  olitaine<l  by  the  i^tion  of  the  car- 
bonate, sulphide,  or  of  manfranous  mangftnite,  is  dissolved  in  as 
slight  an  excess  of  sulplunic  acidt  as  po.ssib!e  in  a  porcelain 
crucilile,  evaporated  as  far  as  possible  on  the  water-bath,  after 
which  the  excess  of  acid  is  removed  by  heating  in  an  air-baih. 
A  pfififTlain  cnirible  provi< led  with  an  apWsins  ririK  (see  Tig-  H, 
p.  27J  serves  for  llie  air-bath.  The  walls  nf  the  smallir  crucible 
should  be  separated  from  those  of  the  largiT  one  by  about  I  em. 

•  Anp.  li.  Chem.  u.  rharm.,  198,  p.  328. 

tZ.  afio^.  Chcm.,  17,  264  (1398);  of.  Blum,  J.  Am.  Chem.  Soc,,  S4, 
1383  |I9L'2). 

}Tbe  manganoiis  ninnganite  CMmO«)  requires  the  preecncc  of  reducio^ 
agent  (best  SUt  ur  pure  hydrogea  pcroxidi^. 
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After  the  sulphuric  acid  has  been  rcmuvcd,  the  two  crucibles 
are  ooverod  and  hoated  to  redness  over  a  gooil  Bunsrn  bumw, 
allowed  to  cool  in  &  deBiccator  and  wpiglicd.  From  the  weight 
I  of  the  manganous  sulplmte,  the  amount  of  iiiujigaDese  present 
be  calculated  an  follows: 

MnSO/Mn-p:x 
Mil 

(a)  Separation  of  Manganese  as  Carlionate. 

This  raethoil  for  tlie  wpuration  uf  tlie  manganese  pennits  only 
a  limitfHl  aj)pI>ealion,  bccatiav  no  oilier  nirlal  that  is  iireripi- 
latci  by  alkali  carbonates  can  Ix'  (iimullaneously  present.  The 
method,  therefore,  is  only  suitable  for  the  deturnimation  of  man- 
in  B4)lutions  of  jmre  inauganeec  salts  containing  nothing 

e  except  alkali  and  auuuoniuni  ealt«. 

According  to  H.  Tamni,  ♦  the  precipitation  is  best  aceoni])lit>hed 

means  uf  anunoniuni  carbonati;.     For  tins  purpose  the  neutral 

lotion  (which  may  cont^iin  other  aninionitun  sn[tfi)  is  treated 

with  a  ttlight  exco^  of  ammonium  carbtmate,  wanned  gently,  and 

beaker  containing  the  H)liiti(in  is  allowed  to  remain  In  a  lukc- 

rarm  wat^r-lialh  until  the  precipitate  lias  KettJed  and  thu  upper 

hi)uid  lias  become  clear. 

Tluj  precipitatf*  is  Fdler^l  off,  washed  with  hot  wat<T,  tlrierl, 
ixnitcd,  and  weighed  citlicr  as  sulpiiatc  according  to  1  or  as  ilu^U^ 
according  to  2. 

Renurk. — If  either  sodium  or  iK)tas-iuni  carbonate  is  used  to 

ipltatc  the  niangauese,  the  precipitate  will  always  contain 
alkali  carbonate  that  cannot  be  removed  by  waeliing.    After  the 

ipitate  has  been  ignitoil,  however,  the  alkali  carlxmate  can  be 
extracted  by  water.  Furthennore,  the  precipitation  is  not 
quite  qiiantitati^'c;  Itie  filtrate  always  contains  small  amounts  of 

ugaoeae.     In  order  to  remove  thiii,  it  is  necuusar>'  to  evapo- 

>  the  aqueous  solution  tu  drynu^a,  whereby  tlie  uianganous  car^ 
boaatc  b  completely  decomposed  hydro lytically  into  carbonic  acid 
uul  maagaaouB  hydroxide,  and  the  latter  in  contact  M-ith  the  air 

*Cbem.  Nem.  M  (IJi72).  p.  37.  luid  Z.  mud.  Cbem.  11,  p.  435  (I87?J. 
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cliaages  to  brown  mnnganic  oxide.  MD2O3.  The  residue  obtained 
after  the  evaporation  id  treated  with  water,  the  small  aiuounl 
of  brown  manganese  compound  filtered  off,  ignited,  and  added  to 
the  main  part  of  the  precijiitale. 

<&)  Separation  of  Manganese  as  Sulphide, 

rhw  mrthod  is  employed  whon  it  is  neeeswary  to  separate  man- 
(;anosc  from  calcium,  strontium,  barium,  and  magnesium. 

Wc  will  distinguish  between  two  different  cases: 

(cc)  The  solution  contains,  bf^idcs  manganese,  large  amounts 
of  the  alkaline  eartlis  or  magnc-sium. 

(^)  The  solution  contains  only  small  amounts  of  the  alkaline 
ca-  ths  or  magnesium, 

(a)  In  case  large  amounts  of  the  alkaline  earths  or  mnpnesium 
arc  present,  the  man^nese  sulphide  must  be  precipitated  in  the 
cold  in  the  presence  of  considerable  ammonium  salts. 

The  solution  is  filaced  in  an  Erienineyer  Rask  of  Jena  gbws  and 
about  5  pn.  of  ammonium  chloride  or  Biiiinoniuin  nitrate  arc  added. 
In  case  the  solution  reacts  acid,  ammonia  is  added  until  it  is  slightly 
alkaline,  and  e  slight  excess  of  freshly-prepared,  colorless  ammo- 
nium sulphide  solution  is  added.  The  flask  is  now  nearly  filled 
with  cold  distilled  water  that  has  been  bnilc<l,  corked,  and  allowed 
to  stand  twcniy-fmir  hours,  or,  better,  still  longer.  After  this  time 
the  flesh-colored  precipitate  will  have  settled.  Theclear  upper  lif]uid 
is  carefully  decanted  through  a  filter,*  taking  paiiiR  not  to  disturb 
the  precipitate  and  to  keep  the  filter  filled  with  liquid  all  the  time. 
If  the  precipitate  is  at  all  bulky,  it  is  washed  three  times  by  deean- 
tation  with  a  5  per  cent- solution  of  ammonium  nitrate  lo  which  has 
been  added  I  c.c.  of  ammoiiLum  Hul[>hiile.  The  precipitate  in  then 
transferred  to  the  filter  and  washixl  with  dilute  ammonium  sul- 
phide water  until  20  drops  of  the  filtrate  evaporateil  to  dn.'nesfl  on 
a  crucible-cover  leave  no  reaiflue.  Now  for  the  firat  time  the  filter 
is  allowed  to  drain  eompletcly  and  is  dried.  As  much  of  the  pre- 
cipitate as  possible  is  transferred  to  a  small  thin-wallefl  porcelain 
crucible,  the  filter-paper  is  burned  in  a  platinum  spiral,  and  the  ash 
added  to  the  main  portion  of  the  precipitate  in  the  crucible.  The 
uncovere*!  crucible  is  heated  over  a  small  flame  until  the  greater 

*  Sohleiclter  A  SctiiiU'ii  filter-pafwr  Nu.  fiOO  con  Iw  uaod  to  kdvAologe. 
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pari  of  the  sulphur  has  been  biirnGd  off,  whon  the  flame  is  increased 
and  the  crucible  is  finally  heuteil  uver  the  flame  of  &  Terlu  burner, 
cooled,  and  weighed  as  MiigO^  (cf.  p.  125,  sub.  3).  The  heating  ig 
repe&t«d  until  a  a>nstant  weight  is  obtained.  Manganous  sulphide 
18  mutily  changed  to  Mii,0|  if  the  aniuunt  of  sulphide  is  compara^ 
lively  small.  In  case  moro  than  0.2  gin.  is  present  there  is  danger 
o(  getting  n  loo  hi^h  result  on  account  of  some  maiiganous  sulfihate 
Dot  being  deoimiKKteiJ.  In  this  case  it  in  advisable  to  disHcjlve  the 
washed  precipitate  of  mangonniifl  FulpKide  in  dilute  Iiydrochlorio 
acid,  to  evaporate  the  solution  to  iiryn«t»  in  order  to  remove  all 
hydrogen  sulphide,  to  dissolve  the  residue  in  a  little  water  and  to 
precipitate  the  manganese  as  carlx)natc  acconling  to  1 ;  nr  the 
manganous  sulphide  can  be  weighed  as  such.     (Sec  p.  125.) 

(3)  lu  case  only  small  amounts  of  alkaline  earths  are  present, 
the  folln«-ing  proeeduro  can  be  used;  The  neutral  solution  is  heated 
to  bmling,  an  e:icivs  of  ammonia  and  some  ammonium  sulphide 
k  added  and  the  boiling  is  coritinuixt  until  the  mangunuu.s  sulphide 
has  become  a  dirty  green.  The  precipitate  \&  allowed  to  settle  for 
mme  minutes  and  is  then  filtered  and  woAhcHi  with  water  contain'- 
in-  a  bttle  ammonium  sulphide.  From  this  point  the  procedure 
i&  the  same  as  described  under  (a). 


(e)  Separation  of  Vanganese  as  Manganese  Dioxide. 

If   &  dilute   solution    of    a    ninntrnnous   salt    is  treated    with 
brut.-ine  wut«r  and  boiled,  the  rfartinn 

MnCl,  l-Br,+2H,Oi^MnO,  +  2HCl+2l[Br 

doca  not  take  place  unload  the  halogen  acids  are  neutrnlizod  aa 
(ail  as  they  arc  formed.  This  neutral  iitatlon  can  tjc  accom- 
ptidied  by  means  of  the  salt  of  a  weak  acid,  such  as  sodium 
acetate,  even  when  the  solution  contains  free  acetic  acid,  which 
ii  scarcely  ionized  at  all  in  the  presence  of  its  alkali  salt.  Thu& 
in  a  iHilution  such  as  is  obtained  after  the  removal  of  iron  and 
ahuuinium  My  a  basic  acetate  separation  (rf.  p.  1.52),  the  man- 
gnnewt  con  be  precipitated  quantitatively  by  boiling  with  an 
cxceffi  of  bromine  water.  The  oxide  does  not  correspond  exactly 
to  UnOy  although  mo«t  of  the  manganese  is  in  the  quadn'valent 


rJ4  CkAVlMETRJC  ANALYSIS. 

condilioit.*  Wheu  the  precipitate  has  collected  together  in  large 
flocks,  the  b(>i]iiij|;  U  diHcoiilinued  aiid  the  precipitate  atlowcvl  to 
settle;  it  i»  filtered  and  washed  with  hot  water.  Some  chemists 
ignite  this  precipitate  and  weigh  as  MnjO^  but  it  is  more  accurate 
to  disBolvf  the  precipitate  in  a  mixture  of  IICl  and  II^O,  and  to 
precipitate  the  manganese  finally  as  manganese  ammooium 
phosphate.     (See  4,  p.  126.) 

Chlorine,  hydrogetj  peroxide,  hypochlorites,  etc.,  moy  be  used 
instead  of  bromine,  but  these  reogenta  have  no  especial  advan- 
tage's. 

When  the  solution  of  the  manganous  salt  contains  ammonium 
salts,  the  precipitation  of  the  manganese  does  not  take  place  by 
the  above  piocedure,  because  the  sodium  acetate  ser^'cs  rather 
to  neutralize  the  acid  set  free  by  the  following  reaction: 

2NH,Cl-l-3Dr,-N,+2HCI+6HBr. 

ITpoii  the  athlition  of  ammonia,  however,  the  precipitation  of  the 
mangaiiese  con  be  efToctoiL  \i\  this  case,  it  weme  fair  to  assume 
that  the  reaction  goes  through  the  following  stages: 

MnCl,  +  -2NII,Onr=Mn(On),  +  2NH,C?l, 
Mn(OH)a+Br2+2NH40H  =  MnO(OHj2+2NH4Br-f-H20. 

The  precipitation  with  bromine  and  ammonia  in  not  so  satis* 
factory  as  with  bromine  idone  in  the  pre.scnco  of  acetic  acid  and 
'sodium  acetate  and  in  the  absence  of  ammonia  or  ammonium 
salt,  because  when  ammonia  is  present  much  of  the  bromine  is 
used  up  in  oxidizing  the  ammonia  or  ammonium  salt.  In  that  case 
there  la  considerable  solution  of  nitrogen,  and,  moreover,  when 
an  excess  of  bromine  is  added  the  solution  may  become  acid 
enough  to  dissolve  the  precipitated  manganese: 

2NH, + 3Br, = 6HBr + N,. 

*Tbo  MnO,  acts  as  tbo  unliydnile  of  metatruui^iuitiUK  lu-ii),  H^nO,,  and 
some  mniiw"""!  ntoniuuiitc,  MnMnOj  or  lUii,0„  U  coDtoinvtl  in  iixa  pro- 
dxaUXa 
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It  U  neceBSAiy,  therefore,  when  ammonium  salts  arc  present 
to  make  sure  that  the  solution  is  ammoniucal  at  the  end  uf  the 
operation. 

This  method  of  precipitating  mangflnese  from  solutions  pos- 
seesee  disodvanlagcs  which  make  it.  useless  in  mi»ny  cases.  If, 
besides  manganese,  the  solution  cantain.s  calcium,  zinc,  etc.,  maii- 
ganjtcs  of  thttif  motals  are  precipitated  with  the  manganese.  In 
this  ease  tlie  preeipitato  must  be  disscilvf^d  in  hydmrhloric  acid 
sod  the  proeipitation  repeated  several  times,  but  even  then  it  is 
uot  pa«Hible  tri  obtain  a  pn^cipitaie  altogether  free  fmni  these 
metals.  If  the  nilier  metals  are  present  only  in  sinall  araotints,  the 
resulta  obtained  by  thin  method  are  suffieiently  accurate.  The 
precipitatinn  of  manganese  as  sulphide  in  the  presence  of  other 
metals  i«  alway.^  aalLsfactor.-  and  should  be  used  in  almost  all  cases. 

a.  Detenninatlon  of  Manganese  as  Sulphide. 

If  the  manganese  has  bwn  precipitated,  as  diwcribed  uu  p. 
122  aa  sulphide,  the  precipitate  is  separated  from  the  filter  as 
completely  as  possible,  placed  in  a  Ktjse  crucible  (uf  unglazed 
porcelain),  the  filter  is  burned  in  a  plaliiuun  s{jiral.  and  Ihc  ash 
added  to  the  main  portion  of  the  precipitate.  Some  pure  sulphur 
which  has  been  crk-staUizcd  from  O^,  is  aiided.  after  which  the 
crucible  and  its  contents  are  heated  in  a  current  of  hydrogen  by 
nieam  of  a  Uunsen  burner  e.vactly  aa  dcscribeti  under  the  Deter- 
miTMtioo  of  LVppiMT  a.s  Suli)}iide.  After  the  e.\cewK  of  sulphur  ban 
ifirtilled  ofT  and  lieen  burned,  the  cnicible  is  coulcti  in  a  stream 
uf  hydrogen  and  tlie  precipitate  is  u-cigheil  as  MilS. 

3.  Determination  of  Manganese  as  Mu,0,. 

Inaamuch  as  all  the  oxides  of  niangancjte,  as  well  aa  those 
aompcnmds  which  are  converted  into  oxide  on  ignition  (manga- 
BOW  sahi  of  volatiie  organic  and  inorganic  acids,  with  the  cx- 
nption  of  the  halogen  salts),  are  converie<.l  inio  Mn^O,*  on  being 
ignitctl  in  the  lur,  at  temperatures  between  &40*  and  1100**,  it 

•rf.  R.  J.  Meyer  wad  K.  Retecra,  Z.  anurK-  Chcm.,  1*7.  104  (1008),  at 
saa*  the  cnkiM  of  msngirwe  are  ilowly  hut  fiuantitAtivcty  changed  into 
MaA. 
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follows  thiit  this  method  for  the  determination  of  manganese  is 
quite  generally  applicable.  It  is  nearly  as  accurate  as  the 
methods  dest-ribod  under  1  and  2,  if  the  ignition  of  the  precipitate 
takes  place  in  an  electric  furnace  at  about  ICHXJ®,  but  very  good 
results  are  obtained  if,  as  recommended  bj-  Gooch,  *  the  porcelain 
crucible  (containing  the  carbonate,  manganous  mnnganite,  or 
sulphide)  is  entirely  surrounded  by  the  oxidation  flame  of  a 
Teclu  burner,  whereby  a  moderately  high  heat  la  obtained  with- 
out too  mufh  free  access  of  air.t 

After  the  ignition,  the  crucible  and  its  contents  are  cooled  in 
a  dei»iccattir  and  then  weighed.  From  the  weight  p  of  the 
oxidy.  tlie  amount  of  manganese  can  be  calculated  according  to 
the  equation 

Mn,0,:3Mn  =  p:a! 
3Mn 


Mn,t^, 


■p. 


4.  Determination  of  Manganese  as  Manganese  Pyrophosphate, 

MnjP^iO?. 

This  excellent  method  was  recommended  by  W.  Gibbst  and 
subsequently  studied  by  Gooch  and  Austin.  § 

The  slightly  acid  solution,  containing  an  amount  of  manganese 
corrcflponding  to  not  over  0.5  gni.  MniiPaO:  in  250  c.c,  and  no 
other  metals  except  alkalies,  is  treated  with  20  gm.  ammooium 
chloride,  5  to  10  c.c.  of  a.  cold  saturated  solution  of  sodium  phos- 
phate, and  auimonia,  drop  by  drop,  until  a  sUghl  exvc^s  is  present. 
The  solution  is  heated  to  boiling  and  kept  at  this  temperature  fur 

•  Zeit.  f.  anorg.  Chcm.,  XVII  (ISOS),  p.  2M. 

fTo  illustrate  the  Mcumcy  of  the  thr«>  mcthoda  just  dcscrilied  for  the 
determination  of  tnnnK'UiKiiii',  tho  followini;  rrsuUj"  oliiaiiicxl  !>>■  H.  W«itiiauer 
ore  givDii.  He  iilitiiinvd  after  mukiiiK  six  iii>tcrmuut Lions  by  each  iH'Cthiid 
the  followini;  mumi  valuci:  SO  c^.  of  a  pun-  monKajjiisL'  tsuljiliuu-  Ruliitiuti 
treated  with  lunmonium  cjiTlx}nnto  anil  rliongin);  thn  pn)cipitAt<-  \a  Biilpliale 
gavr  0.IU25  gm,  Mn;  l>y  piv>ripitaiine  as  sulphide  and  writ:]iing  m  micb, 
0.1027  gm.  Mn;  and  by  cliLinging  the  iiulphate  to  Mn^O,,  0.1Q30  gm.  Mn 

J  Am.  J.  Scii^nce,  «.  21«;  Z.  anal.  Cheiii.,  7,  101  (1868). 

}  Z.  angrg.  Qhiem.,  IS,  339  <t89li). 
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iree  or  four  minutes,  or  until  the  pretripitatc  nssumps  a  silky, 

>-stuUiiic  apf)carance.     AfUT  cooling,  the  precipitate  is  filtered 

^ihrouKh  a  Giwcli  orMunroe  crucible,  washed  with  cold  ommoiiiiim 

litrnlc  solution,  dried,  and  ignited  within  a  larger  cruciblD  or  in 

'«n  electric  furnace. 

^c  results  are  excellent. 

Uanganesc  can  be  <ie1cmuned  very  accurately  by  volumetric 
methods  (see  Volumctnc  Analyids). 

5,  Colorimetric  Determination  of  Manganese. 

Small  amomiis  of  manyaiin^e  mny  \w  accurately  and  quickly 

dctcmuned  by  the  colorimetric  mrthmt.     ThiH  is  chiefly  u»cd  for 

the  Ktimation  of  tlie  manganese  present  in  iron  uul  steel.    If 

.more  than  t.o  |)er  cent,  of  manganese  ia  pix^ent,  the  rcsulta  are 

'unrriUble.    The   method    depends    u{Km    the    nxiiiation    of    the 

nmaganae  to  permangatiic  acid,  bringing  the  solution  to  a  definite 

Volume  au<l  comparing  ii-s  color  with  another  solution  oontaining 

■   known   amount    of    niangaupso.     If    the   sohitions    are    colored 

kcxacUy  the  Kamc  shade,  then  the  amounts  of  manganese  which 

|ihej  eontaiu  arc  the  Name. 

/Vvcedure.— A  Ktandard  Holution  of  potafiRium  permanganate 
fint  prepared  by  dissolving  0.072  gm.  of  the  crystallized  salt  in 
r.p.  of  water;    1  c.c.  of  this  solution  contAins  0.05  mgm.  of 
igancse. 

Exactly  0J2  gm.  of  the  iron  or  steel  is  dissolved  in  15-20  c.e, 
nitrio  add  (sp.  gr.  1.2)  in  a  100-c.c.  measuring -flask.  The  acid 
heated  to  boiling  to  efTect  complete  solution,  after  which  the 
■olution  is  albwed  to  cool  and  flilutcd  up  to  the  mark  with  water. 
After  thoroughly  inixiiig,  10  c.c.  of  the  liquid  are  brought  by  means 
'^Of  ■  pipette  into  a  Kmall  beaker,  2  c.c.  of  nitric  acid  <Hp.  gr.  1.2) 
are  adiled.  and  the  liquid  ts  heated  until  it  begins  to  boil,  when  the 
flazue  is  renutved,  0.5  gm.  of  lead  peroxide  is  mlded,  ttic  mixture 
ih  shaken  ami  tlien  heated  for  two  minutes  to  buillng.  After 
[standing  aome  time,  the  warm,  viotetHMlored  solutiun  m  filtered 
\  small  asbestos  filler  *  into  a  glass-stoppered  icst-tube 


*Th»  asbcvtOH  must  luivo  been  previously  i^t«d,  treated  wiih  KUdO, 
1,  and  fioaUr  wisbuO  wiib  w&l«r. 


C^ 
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about  20  cm.  M^h.  and  Kradualwl  in  cubic  centimeters.  T^c 
fihor  is  washed  with  as  Uitlo  water  as  possible,  the  tulje  b  stoppered 
Bnd  shaken  until  the  solution  is  thoroughly  mixed.  Into  a 
second  tube  of  the  same  sisc,  and  also  graduated  in  cubic  centi- 
meters, is  placed  1-5  c.c.  of  the  standard  manganese  solution, 
and  this  is  carefully  diluted  with  water  imtil  the  two  liquids  have 
exactly  the  same  shatie  when  ^-iewed  horizonUilly.  The  height 
of  the  liquid  in  each  tube  is  then  carefully  reiid. 

^rVfisumlng  that  1  c.e.  of  the  standard  solution  were  placed 
in  the  cylinder  and  diluted  to  T  c.c.  in  order  to  obtain  the  .■jamc 
shade  produced  by  t  cc-  of  the  other  solution,  then  as  the  con- 
centrations of  the  two  liquids  are  directly  proportional  to  tbor 
heigh  ta, 

r:(=0.05  ragm.:j: 

_  t-0.05  mgm. 

This  amount  of  tnanganese  is  coniained  in  0.03  gm.  of  the 
iron,  80  that  the  percentage  of  mangancHe  present  is 

x= j^=per  cent.  Mn. 

Rather  more  accurate  results  are  obtained  if,  instead  of  using 
a  standard  solution  obtained  from  potassium  permanganate,  a 
sample  of  steel  is  msgiI  containing  a  known  amoimt  of  manganese 
ami  treated  in  exactly  the  same  way  as  the  sample  to  bo  analyzed, 
a  fretih  standard  being  prepared  for  each  analysis. 

An  even  bettor  colorimetric  method  haa  been  devised  by  M. 
.Marehall  «  and  H.  E.  Walters.f 

Although  manganese  is  precipitated  as  mauganous  acid,  from 
■olutions  slightly  acid  with  nitric  or  sulpburic  acid,  by  tho 
addition  of  alkali  penulphatea,  the  oxidatioQ  goes  farther  auU 


•  ChiTO.  News,  8».  7fl  (lOW). 
t  Ibid..  84,  230  (1004). 
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permanganic  acid  is  formed  within  a  short  time  if  a  cataljtic  agent 
is  prcaentj  "uch  as  silver  nitrate. 

2Bln(NOa)3+S(NH4)2S208  +  8H2O - 

6(NH4)  2SO4  +  5H2S04  +  4nN03  +  2HMn04. 

Proctdwn. — 0.2  gm.  of  steel  is  placed  in  a  100-c.c.  flask  and 
dissolved  in  20  c.c.  of  cold  nitric  acid  (sp.  gr.  1.2).  Thereupon 
10  c.c.  of  silver  nitrate  solution  CI-3S  gm.  AgNO^  in  a  liter  of 
wDU.T)f  ore  added,  the  solution  made  up  to  exactly  100  c.c.  and 
mixed.  Of  this  solution  10  c.c.  are  placed  in  glas^stopjMjred, 
gnuluatcd  test-tube.  After  adding  2.5  c.c.  of  ammonium  per- 
sulphate solution  (200  gm.  in  a  liter  of  water)  the  t'Cst-tube  is 
pUce<l  in  water  at  80^  to  W^  and  allowed  to  remain  there  until 
Ibe  hul>l>le»  of  n&s  arigiug  become  moa*  numerous  and  remain  at 
the  lop  fur  a  few  seconds.  The  solution  is  then  cooled  by  placing 
the  tube  in  cold  water,  and  the  color  U  compared  with  a  standard 
solution  containing  a  known  amount  of  permanganic  add.* 

HiCEBL,  Ni.    At.  Wt.  r.S.6R. 

Forms:  Ifickel  Dimethyl  Glyoxtm«,  niCNHi4n404;IfickeL,Ni;and 
Kickel  Oxide,  NiO. 

X.  Determination  as  Kickel  Glyoxime,  m(C^H^,0,)r 

nimctliyl  glyoxime,  CHjCN'OHCXOHCITj,  was  recom- 
mended  by  L.  Tschugacff  f  afl  a  rcagrnt  for  nickel  and  u.scd  by 
K.  Kraut  J  for  detecting  the  prMcnre  of  trace.i  of  nickel  in  ashes, 
O,  Brunck  {  and  others  have  also  studied  thr;  reaction  and  found 
it  to  furnish  a  moi^t  rapid  and  accurate  method  for  the  quanti- 
tfttlTB  estimation  of  nickel  either  by  it-self  or  in  the  preMcnee  of 
eoboltr  cine  and  manganese.  If  the  .solution  contains  tartaric 
acid  enough  to  prevent  the  precipitation  of  iron  by  ammonia,  the 

•  Or  Ijcltor  a  wIutloD  ol  ft  Bloel  of  known  miuiRiUHiw  ponlcnl. 
tZ.  aoors.  Chriii.,  W,  I'll  {1905);   Ber..  ZS.  2620  (1905). 
(Z.  ufftw.  Chftn..  10,  171>3  (ld06);  iind.,  20,  OAi  (1Q07). 
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nickel  in  a  sample  of  nickel  steel  can  be  determined  accurotdy 
within  two  hours  and  without  the  removal  of  any  other  metal. 
When  a  dilute,  neutral  solution  of  a  nickel  salt  h  treated  with 
an  alcoholic  solution  of  dimethyl  glyoxime,  a  red,  crystaUino 
precipitate  of  nickel  dimethyl  glyoxime  is  formed. 

NiCl2+2(CH3)2Cz(NOH)2-lCCH3)aCaNOH-NOl2Ni+2UCl. 

Dimelbyl  B)yo«m«.  Niok«t  dimolbj'l  ■lyozins. 

The  salt  is  sotiilde  in  mineral  arids  .so  that  precipitation  is 
incomplete  because  of  the  acid  set  free  in  the  reaction.  It  l>e- 
comeii  quantitative,  however,  if  the  mineral  acid  is  neutralized 
by  ammonia  or  if  sodium  acetate  is  added,  wherehy  the  mineral 
acid  is  replaced  by  acetic  acid  in  wiiich  the  precipitate  is  prac- 
tically insoluble,  barge  ciuanlities  of  ammonium  galls  or  of 
alkali  acetate  do  no  harm,  l)iit  an  excess  of  ammonia  tends  to 
prevent  the  formation  of  the  precipitate.  The  precipitate  is 
distinctly  soluble  in  absolute  alcohol,  but  only  traces  dissolve 
in  50  per  cent,  alcohol,  and  in  more  dilute  alcohol  it  is  even  lees 
floluble.  When  thrown  do^v^l  in  the  cold  or  in  the  presence  of 
much  free  ammonia  the  prccipitat«  is  very  volurainouH  and  hard 
to  filter. 

Procedure. — ^The  neutral  cir  sti^cliUy  acid*  solution  is  diluted 
so  that  not  more  tlian  0.1  giu.  of  cobalt  is  present  in  100  c.o., 
heated  nearly  to  boiliny  and  treated  with  Komewhat  more  than 
the  theoretical  annmnt  of  an  alculmlic  1  per  rant,  solution  of 
dimethyl  Rlyoxime.t  Ammonia  is  then  cautiously  added  until 
the  solution  smells  slightly.  Whili;  still  hot,  the  precipitate  is 
filtered  into  a  CJooch  or  Munroc  crucible,  waahed  ivitli  hot  water 
and  dried  at  UO"  to  120"  for  4.')  minutes.  It  i;onliiins  20.31  per 
cent.  Ni. 

The  nickel  salt  of  dimethyl  glyoxime  is  red  and  crystalline. 
It  contains  no  water  of  crystallization  and  sublimes  at  2'jfy* 
without  decomposition. 

*  If  strooii!ly  aciil,  the  solution  i»  nearly  noutndixeid  wilK  caustic  poiAsh, 
then  IIm!  n;tuo'iit  ia  added,  et«. 

t  The  voIiLnit'  of  lliiG  alcoholic  aulution  sliould  in  no  cauc  bo  mom  thao 
half  that  of  the  nickel  solution,  u  the  precipitate  in  aatuble  in  aicobol. 
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3.  I>etenninattoa  of  IVickel  as  Hetal  by  Electrolysis. 

From  strongly  acid  mAxxiMna  nickel  ha  not  deposited  upon 
•<*lionar>'  cloctroden  by  a  current  of  1-3  amperes.  From  sliglitly 
acid  solutions  the  deposition  is  not  quantitative. 

From  ammoniacal  solutions  nickel  is  readily  deposited,  and  on 
account  of  it«  simplicity  and  accuracy  this  method  is  to  be 
strongly  recommended  for  the  determination  of  nickel. 

(a)  Method  of  Gibbs.  * 

Kickel  sulphate  or  chloride  (\ml  not  the  nitrate)  is  disHolvod  in 
an  ammoniacal  solution  of  ammonium  sulpliutv  and  eteutroEyzed. 

The  nickel  is  deposited  upon  a  weighed  cathode  and,  at  the 
cud  of  the  electrolysis,  the  gain  in  weight  represents  the  quantity 
of  nickel. 

Requirements  and  Procrdurt. — For  this,  as  well  as  for  all  other 
eleetrolylic  determinations,  the  apparatus  shown  in  Fig.  31  may 
be  uaed. 

li  represoDts  a  Bt<»rafie-batien',  which  is  provided  with  the 

binding  poalj)  MM.    The  current  Lt  led  limt  throii(;h  the  variable 

|Rflut«nce  IF,  tlien  through  the  known  rtMi^lunce  1)''  (a  resistance 

of  1   ohm  is  most  convenient  to  uscf),  and  from  here  to  the 

decomposition  reil  finally  hack  to  the  battery. 

If  at  any  time  it  m  deiiirod  to  mciusurc  tlic  voltage  lietween  the 
clct'trodis  of  tlie  cell,  the  voltmeter  V  is  connected  with  the 
binding  poets  uf  Uie  decomposition  cell,  by  throwing  the  switch 
Q,X  Fig.  32,  so  that  e  in  connected  with  b  and  c'  with  I/.     The 

•  Z.  anal.  Cltom.,  3,  334  (lAlH).  Cf.  Fnwnius  nnr]  ncrgmaon,  Z.  an&t. 
ChMn..  in,  320  (ISSO). 

tTfae  mttMAnee  ic'^XQ  can  iit^  made  from  niclu'lin  wlfp.  TKe  resiBtaiioe 
ot  the  wire  U  ineaRurvd  with  t)i«  au)  of  thv  n'heal«tonc  bridge  aiid  a  Iciiffth 
eul  off  corretpoailing  to  one  ohm.  This  wire  w  wound  round  m  woodca  block 
aad  \ht  eada  faiLcDetl  to  IniidiRR  posts. 

}  U  a  eommtitating  inrttcb  is  not  availal)Ie,  ono  eon  he  prepared  by 
taktas  tbe  covtr  of  a  piwto^mard  hex,  about  3  cm.  drcp,  filling  it  with  mt^ltvd 
paraffin,  luul  then,  aTtef  coolinji,  making  tittle  cavitieit  at  aa'bb'te'  by 
pnaiag  a  tefft-tulw,  which  in  fkll«U  with  hot  wutitr,  nKainnt  the  cold  wax. 
TIhhd  eavhles  ar»  ftllcd  with  iaenur>'  aud  Ibo  switch  fiuiahod  witb  vopptt 
Cf.  Fis.  3».  p.  178. 


133 


GRAVIMETRIC  ANALYSIS, 


^ 


W 


^^<i.!,U::.'::'iM^ 


W        ! 


Q  r"^ 


— OC 


t: 


... 


%rzrr. 


FI0.3L 


OETERMWATiON  OF  NICKEL  AS  METAL  BY  ELECTROLYSIS.     i^3 

strccgtb  of  the  current,  on  the  other  hand,  is  obtuiued  by  pUcing 
tbe  switch  in  tlie  uppu&ite  posltioa  with  a  uailcJ  to  &  and  a'  to 
ht^  as  shown  in  Figs.  31,  32. 


Fia.  32. 
Bino^  ftccording  to  Ohm's  Uw,  the 

Klertrnmotive  force 


Strength  of  current=' 


lieaistaiiue 


then  if  the  slrcngih  of  the  current  U  expressed  in  amperes,  the 
alecLromotivo  force  in  volte,  and  the  resistance  la  ohmsj  wo  have 


In  case  W'=  1  ohm,  then 

tnd  the  voltmeter  will  show  directly  the  strength  of  the  current 
(amperes).  * 

Tt  w  arranged  ho  that  the  current  may  he  taken  from  dilTprent 
pointa  along  MM,  and  it  i:*  thus  possible  to  carry  out  a  number 
of  electrolytic  determinationa  at  the  same  time,  and  the  volt- 
meter V  acrvca  as  measuring  instrument  for  .ill  the  analyses  that 
ire  in  progress.  By  means  of  the  SS  it  ia  possible  to  connect 
eiaily  tbe  voltmeter  with  the  different  cells.     Wliile  a  measure* 

*  Wiib  WGokt-r  eumnui,  tbo  kuuwii  redslonce  caa  be  made  W—  iOQ 
•o  that  Lbe  vohrnAter  will  show  t«o  timoa  tbe  actual  current. 


Fia.33. 

must  always  reach  to  the  bottom  of  the  beaker  and  tKe  top  of 
Uic  gauze  electrode  sbould  be  nearly  covered  by  nulutioii.  In 
•omc  cases  it  is  (leflir&blc  to  use  u  platinum  dish  a^  calhcJe,  as 
recommended  by  Cliissen.     (See  Fig.  36,  p.  I7S.) 

The  electrodes  are  usually  connected  with  two  electrode 
stands  on  which  metal  arms  are  attached  to  an  upright  glass  rod 
(Fig.  33).    To  prevent  aerioua  loss  of  electrolyte  by  Bpattering, 
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the  beaker  \s  covered  with  two  halves  of  a  watch-glass.     Thia  is 

I  sot  entirely  satisfactorj*,  as  whcE  much  gas  w  evolved  a  little  of 

j.tbe   liquid    is   still   carried    off   mechanically.    This   method    of 

ifaatemng  the  eleetrodca,  moreover,  has  the-  (li-sodvantaKe  that 

vhen  the  electrolysis  is  carried  out  in  a  hot  solution,  acid    or 

anunoniucal  vapors,  as  the  cose  may  be.  condcn»c  on  the  brass 


J24£ 


Fia.  34. 

•raw  of  the  electrode  support  and  in  some  rases  the  liquids  thus 
ooode&acd  dissolve  some  brass  and  the  resulting  solution  may 
drop  into  the  beaker,  and  spoil  the  analysis.  To  prevent  this 
miitfortuno,  the  author  bends  the  ends  of  the  electrodes  to  a 
ril^t  anglo  and  connects  ihem  with  an  electrode  stand  designed 
w  shown  in  Fig.  34. 

This  electrode  holder  consiste  of  two  brass  rods  insulated 
from  one  another  by  means  of  an  intervening  layer  of  mica,  and 
tbe  rods  are  fastened  to  the  ring  r  through  a  piece  of  ebonite,  e. 


i 
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The  openings  to  hold  the  wires  are  cut  wedge-shaped,  so  that  any 
shape  of  wire  can  be  inserted. 

Since  the  ends  of  the  electrodes  leave  the  beaker  in  a  horixontal 
direction,  the  beaker  can  be  covered  tightly  by  means  of  a  whole 
watch-gtns8,  and  not  only  are  losses  by  spattering  avoided,  but 
there  ia  absolutely  no  danger  of  contamination  from  the  outside. 

The  Electrolysis  of  NickeL 

For  every  0.25-0.30  gm.  nickel,  present  as  sulphate  or  chloridit. 
hut  not  as  nitrate,  •  5-10  gm.  of  ammonium  sulphate  nnd  30-10  c.c. 
of  concentrated  ammonia  arc  added,  and  the  solution  diluted  with 
distilled  water  to  a  volume  of  150  c.c.  This  solution  is  clcctrolyxed 
at  tlie  room  temperature  with  a  current  of  0.5-1.5  amperes  and  an 
electrode  potential  of  2.S-3..1  volt.s.  The  electrolysis  w  finUhcd 
after  three  hours,  as  can  be  shown  fairly  saturfactorily  by  a<lding 
a  little  water  and  allowing  the  current  to  pass  through  the  solution 
for  fiftwoi  or  twenty  minutes  longer.  If  at  the  end  of  thi.i  time 
no  nickel  has  deposited  upon  the  electrode  surface  which  waa 
wet  for  the  first  time  by  the  last  dilution,  the  determination  ia 
finished.  If  the  solution  is  kept  at  a  temperature  uf  from 
SCHJO*"  C.  only  about  one  hour  is  necessary  for  the  deposition. 
The  deposited  metal  svdheres  firmly  to  the  electrode,  is  bright, 
and  possesses  almost  tlte  color  of  platinum. 

As  soca  as  the  electrolysis  is  finuthed,  tbe  watch-glass  is 
removed,  the  electrode  holder  is  raised  so  that  only  the  bottoms 
of  the  electrodes  reuiain  in  the  liquid,  and  the  up[jer  parts  of 
tbe  electrodes  are  washed  thoroughly  with  water  from  a  wash- 
bottle.  The  electrodes  are  then  raised  entirely  out  of  the  solution 
and  the  bottoms  washed  immediately  with  water.  The  current 
is  then  turned  off  and  the  cathode  rinsed  with  absolute  alcohol, 
after  which  it  is  dried  by  holding  it  high  above  a  gas  flame.  -After 
cooling  in  a  desiccator,  it  is  weighed. 

To  dtan  Oie  catfcode,  place  it  in  a  small  beaker,  add  enough 
nitric  acid  (1:1)  to  wet  all  the  nickel,  and  heat  for  at  least  fifteen 
minutes.  This  treatment  is  absolutely  necessary  to  remove  the 
last  traces  of  nickel.     If  this  Is  not  done,  the  electrode  on  l^ing 

*  Pace  13 1. 
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|||g:iUtod  bct'oniea  discolored,  ami  it  ih  then  very  difficult  to  clean 
the  electrode  by  repcatixi  treatment  with  acid  followed  by  ignition. 
The  discolored  electrode,  however,  can  be  used  for  another 
dectrolytic  determination.  To  makct  sure  that  all  thp  nickel 
Ills  been  deposited  from  the  electrolyzod  solution,  the  iwnnionia 
is  almost  wholly  neutralized  with  hydrochloric  acid  and  a  few 
cubic  centimeters  are  addetl  of  1  per  cent,  sohition  of  dimethyl 
glyoxinic  in  alcohol.  When  leas  than  a  tenth  of  a  milEigrara  of 
nickel  ia  present,  it  will  lake  severnl  minutes  for  a  yellow  coloration 
lo  appear,  and  soon  »ftcr«*ard  the  red  crj'stals  of  nickel  salt 
will  be  precipitated. 

The  nickel  not  deposited  by  an  eleclroIy.<u3  may  bo  estimated 
W-ctirately  by  .ihaking  the  solution  thoroughly  and  comparing 
tbe  color  produced  by  the  addition  of  dimethyl  glyoxime  with 
that  produced  with  a  dilute  nickel  solution  containing  a  known 
qaantity  of  nickel.  Xaturally  such  a  colorimetric  test  can  be 
mod  only  with  vcrj*  sinull  quantities  of  nickel. 

Hemark. — Tlie  electrolysis  of  nickel  from  an  ammoniacal 
solution  sbouM  nut  \iQ  continued  for  too  long  a  time,  because  the 
Mthoile  alowly  gaing  in  weight  even  after  all  the  nickel  has  been 
deposited  from  the  solution.  The  anode  im  attacked,  cauaing 
|>latinum  to  go  into  solution,  which  is  deposited  upon  the  cathode, 
partially,  at  least. 

The  presence  of  too  little  ammonia  often  results  in  the  forma- 
tioD  of  black  NiCOH),  at  the  anode;  the  analysis  then  cornea  out 
Urn  low. 

CUasen's  method  for  depottiting  nickel  from  a  solution  of 
aoimoaium  oxalate  apparently  gives  too  high  results  *  and 
Cftunot  be  recommended. 


3.  Determination  as  Ntckelous  Oxide. 

Tlie  nickel  solution  is  hested  in  a  porcelain  dish  with  bromine 
water  and  an  excess  of  pure  potassium  hydroxide,  whereby  the 
nickel  IB  precipitated  as  brownish -black  nickelic  hydroxide, 
Ki(OII),.    The  precipitate  is  filtered  off.  washed  by  decantation 

•  A.  WuHlHBchiniclt,  DiBOTTtatiou,  MiiurUu-,  1907.     W.  D.  TntiulweU,  Di«. 
pslalioo,  Zoriob,  1900. 
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with  hot  water,  dricJ,  anJ,  after  Ijuming  tlie  filter,  ignited 
and  weighed  as  NiO.  The  grayLsh-grpen  oxide  thus  oblaineU 
always  contains  small  quantities  of  silicic  acid  and  alkali,* 
whereby  the  resulta  are  too  high,  }^y  treating  the  ignited  maaa 
with  hot  water,  the  greater  part  of  the  alkali  can  be  removed. 
Drying  and  again  igniting  gives  the  weight  of  XiO  +  SiO,.  The 
oxide  is  treated  in  a  porcelain  cruciUe  with  hydrocliloric  acid, 
evaporated  completely  to  d^>^le8»,  the  dry  residue  uioiHtont'd 
with  concentrated  hydrochloric  acid  and  then  with  hot  water, 
filtered  through  a  amall  filter,  washed  with  hot  water,  and  the 
filter  together  with  the  residue  ignited  wet  in  a  platinum 
crucible.  The  weiglu  of  this  silica,  SiO„  subtracted  from  the 
former  weight  of  NiO  +  SiO,,  gives  good  results. 

lUmark. — It  is  ])ossibIe  to  precipitate  nickel  quantitatively 
as  NiCOH)^  by  means  of  caustic  potash  alone  and  the  precipitate 
is  changed  to  NiO  by  ignition.  This  method  is  open  to  the  same 
objections  as  the  above  and,  furthermore,  iVi(0nj3  is  not  so  easily 
filtered  and  washed  as  Ni(OII),. 

These  two  methods  are  more  tedious  to  carry  out  and  the 
results  are  not  as  accurate  as  in  the  ease  of  the  first  two  methods 
doscnbeil  and  will  probably  not  be  used  much  in  the  future. 

Hcsides  the  methods  described,  it  has  been  proposed  to  pre- 
cipitate nickel  as  the  sulpliide,  and  weigh  it  as  the  oxide  by 
ignition  in  air.t  The  method  is  good  but  hardly  comparable 
with  the  dimethyl  glyoxlme  method,  the  electrolytic  method,  or 
Uio  volumetric  titration  with  potassium  cyanide. 
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Cobalt,  Co.    At.  Wt.  58.97. 

Forms:  Co,  CoSO,. 

I.  Determination  as  Metal. 

(rt)  By  Electrolysis. 

The  moat  accurate  method  for  the  estimation  of  cobalt  ia  by 

eleetrfilysifl  and  the  details  of  the  procosa  are  precisely  the  same 

flfi  have  been  given  undernickel,  i.  e.,  from  a  strongly  ammoniacal 

•Cf.  A..  WmtlpMuniili,  l-ir.  cit.  uml  W,  ().  Tn-iuiwcll.  U^.  at. 
t  U.  Coimimboef,  Aim.  cLim.  appL,  U,  6  (lOOti).     Cf.  A.  Windcbcliiuidl, 
toe.  at. 
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laolutiim  contiiininK  ammonivim  salts  and  the  sulphate  or  cliloride 
(preferably  the  former),  of  cobalt.  It  is  customary  to  use  n  little 
more   unmonia  than   in   the   determination   of   nickel,  becaufle 

^eobalt  has  a  faster  tenrlency  to  deposit  as  black  Co(OH),  at  the 
anode.  The  duration  of  the  electrolysis  is  the  same  as  with 
tuckel,  r*tlier  than  somewhat  Ionf;er.  At  the  end  of  the  deter- 
xaination,  after  the  electrodes  have  been  removed,  the  entire 
solution  Ld  t4%t«d  for  cobalt  by  adding  ommouiuui  sulphide  or 
poiasdum  sulphocarbouate. 


(5)  By  Reduction  of  the  Oxide  in  a  Stream  of  Hydrogen. 

The  cobalt  solution  is  heated  to  bulling  in  n  porcelain  cvaporat- 

ihig-dish, and  the  cobalt  i^  precipitated  ius black cobaltic  hydroxide 

t'by  the  addition  of  cau.-?tie  potash  axid  brumine  water.    The  prc- 

[inpitate   is   filtered   of!,*   dried,   and    ignited.     After   coaling   it 

trratcd  with  water  in  order  to  i-eriiove  the  Bniall  amount  of 

FaUtali  nrbirJi  is  aJw»y.s  present,  and   then  the  residue!  is  ignited 

%  stream  of  hydrogen  and  weighed  as  metal.     After  weighing, 

['the  metal  is  dissnlved  in  hydrncMoric  acid,  evaporated  to  dryness, 

the  dry  moas  moistened  with  hydrochloric  acid,  then  treated  with 

vatcr,  and  the  small  residue  of  silicic  acid  filtered  off.     Tliisresi- 

I  due  ia  igmie<i  and  its  weight  subtracted  from  tliat  obtained  after  the 

ignition  in  hydrogen.     Cobalt  may  also  be  prccipitatcfl  m  cobaltou.'? 

[bydroxide  by  caustic  potash  alone,  but  the  resulting  prpcipitafce 

iBOiW  easy  to  filter  and  wasfi  as  the  eobalttc  hydroxide.     The 

ition  by  means  of  soiiium  carbonate  is  not  so  satisfacton-. 

The  oxides  of  cobalt  when  igtiitcd  in  air  yield  a  mixture  of  CoO 

and  CojO,  in  varying  proportions,  so  that  they  arc  not  suitwlfor 

th»  quantitative  determination  of  cobalt. 

Remark. — The  result«  obtained  by  this  method  are  usually  a 
little  higher  than  by  electrolysis. 


'Oiliahle   liyiiroxi(k>,   onliko   nickplic   hytfroxiilv,   luui  tho  tmdnwy  of 
a  turbid  Blltmt«   oa   wubuig.     If,   bow(>\-?r,   Sclileivbcr   tc   ScbQU's 
Xo.  6S0    (blue  ImuuI)  is  uwd,  none  lA  the  preelpHaie  pMM 


3.  Determination  as  Sulphate. 

The  nietliod  is  tbe  same  as  was  described  under  Manganese 
(p.  104). 

Zmc,  Zn.     At.  Wl.  65.37. 

Forms:    ZnNH.PO,,  ZnjP,0:,  ZnO,  ZnS,  Zn. 

X.  Determination  as  Zinc  Ammonium  Phosphate  or  Zinc 
PjTophosphate. 

This  excellent  method,  first  recoiii mended  by  11.  Tanim,* 
has  been  studifd  aiid  improvn!  by  G.  Lostkann  and  T.  Meyer.t 
M.  Austin.l  aiid  esperiully  H.  D.  Dakin.^ 

Proa^iure. — The  cvld  at-jd  |]  Hclution  of  tiip  nine  salt  is  trcat<H] 
with  ammonia^  in  a  pluliiium  ui  porcelain  dish,  until  it  is  left 
barely  acid.  Care  is  neceHsary  at  this  puuit,  as  zinc  ammonium 
{ihoapbate  is  sulubU*  tKith  in  acids  and  ammonia.  It  i.^  then 
diluted  with  water  to  u  volume  of  l-')0  c.c.  and  lieated  on  the  water- 
bath.  To  the  hot  solution,  ten  times  as  much  ammonium  piios- 
phatc  is  added  as  there  is  zinc  present.  (If  the  dianinioriinm 
phnaphflte  contains  some  monoammonium  phojuphate,  the  salt 
nhould  be  dissolved  in  cold  water  and  dilute  ammonia  added  until 
the  .<M)hition  just  becomes  pmk  with  phenol phthnlcin.)  The 
precipitate  that  first  forms  is  nniorpboua,  but  itscnm  changes  into 
fine  crj'stals  of  zinc  ammonium  phosphate.  The  transformation 
takes  place  more  rapidly  in  proportion  to  the  quantity  of  ammo- 
nium salts  present.  /Vfter  the  heating  has  continued  for  alwut 
fifteen  minutes,  the  dish  is  removed  from  the  water-bath  and  after 
beinR  allowed  to  settle  far  a  short  time  the  precipitate  is  filtered 
throufih  a  Gooch  or  Munroe  crucible,  wa.slicd  with  hot,  I  per 
cent,  ammonium  phosphate  solution  Tf  until  free  from  chlorides 

•Chem.  New«,  24,  148.  ~ 

tCbem.ZtR,.  ISSfi.  729. 

J  Am.  J.  Sci.,  1899;  Z.  anora.  Chcm.,  28,  212  (1900). 

i  Z.  ftiiftt.  rhifln..  89.  273  (lltOO). 

II  ir  thn  Aoliition  in  nntitral,  2  or  3  gma.  of  ammoniuin  chloride  are  tuided 
and  then  tho  luuLlysia  carried  out. 

^  A-ccurdinff  to  VoiKt,  Z.  uiikow.  Cbcni.,  1909,  22S3,  tb«  precipiuOu  is 
waehed  uiunoiiuit«ly  with  hot  water. 
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etc.,  then  twice  with  cold  wator,  then  with  50  per  cent,  alcohol, 
drietl  at  Ul)-120°  for  an  hour  and  weighctl  as  ZnNII^PO,.  which 
cont-ainfl  36.&1  per  cent.  Zn. 

Or,  the  precipitate  may  be  weighed  as  the  pyrophosphate, 

ZogPjO?,  in  which  case  the  dried  zinc  aminonluni  phosphnte  is 

tted  \'ery  slowly  in  an  electric   oven  to  90U'*-1000''.     If  such 

Ian  oven  is  not  at  hand,  the  Gooch  or  Munroe  crucible  is  placed 

'in  a  larger  platinum  crucible  and   heated   over  the  gas  flame. 

The  temperature  la  gradually  raised  until  finally  the  full  heat  of 

^theTcclu  burner  or  of  the  blast  lamp  ia  reached.    The  crucible 

heated  until  ita  weight  is  constant.     Zn^PjO?  contains  12.90 

[per  cent.  Zn. 

The  determination  as  pyrophosphate  is  to  be  recommended 
vhrn  the  zinc  solution  contains  a  very  large  quantity  of  ammonium 
Its  because  it  requires  long  waahiug  to  remove  those  and  this 
idprs  the  results  a  little  low.  When  the  precipitate  ia  weighed 
pvrophoKpliatc,  the  ammonium  salts  are  volatilized  and  it  ia 
not  nerefl8ar>'  to  remove  them  by  washing. 

Hrmark. — In  sonic  cases,  as  when  magnesium  or  aluminium 
is  preeent,  the  procedure  of  K.  Voigt  Li  followed.  The  solu- 
lion  of  the  zinc  salt,  containing  ammonium  nalts  aft  well,  ia 
lr<*ated  with  an  excess  of  ammonia  anil  then  with  ammonium  phos- 
phate. .\flcr  standing  some  tim<',  the  precipitate  of  magnesium 
vnmoaium  phosphate  and  aluminium  phosphate  is  filtered  off, 
.the  zinc  ammonium  phoflphatc  being  soluble  in  ammonia. 
The  filtrate  Is  rcceive<l  in  a  platinum  or  porcelain  dish  and  is 
heated  on  the  water-bath  until  all  the  free  ammonia  has  been 
expelled,  whereby  zinc  ammonium  phosphate  separates  out 
quantitatively  in  llie  form  of  the  crysialline  precipitate.  It  is 
iTMted  a«  described  above.  If  some  of  the  precipitate  should 
adhere  firmly  to  the  si<Ins  of  the  dish,  it  may  be  dissolved  in  a  few 
drops  i>f  hydrochloric  acid,  the  solution  immediately  neutralized 
with  ammonia,  and  heated  a  few  minutoa  on  the  watcr-batb 
before  filtering. 


i4a 


CRAi^tMETtiiC  ANALYSIS. 


2.  Determination  as  Zinc  Oiide. 

The  carbonatf,  nitrate,  arctatc,  and  oxalate  of  zinc  are  readily 
and  quaiuitalively  ciiaiigeil  U>  ziiic;  oxide  by  ignition  in  the  air; 
ill  the  case  of  the  auljihate,  wheti  prwient  in  relalivfly  larj^e  amounts, 
the  tranafonnalion  int*^  uxide  is  dilficnlt.  Small  amounlti  of  the 
sulphate  may  1h>  changed  to  oxide  by  i^uting  over  the  blast-lamp. 
It  IK  advisable,  however,  in  ease  the  zinn  is  present  as  Pidphate,  to 
precipilate  it  frnm  the  aqucona  aohilion  aa  sulphitle  and  weigh  it 
aa  »\i<-h  a«eording  to  3;  nr  to  disnolve  the  svdphiile  on  the  filter  in 
diluu?  tiy<lrnchlorio  acid,recfiving  the  solution  in  a  weighed  plati- 
num dish,  evaporating  to  drj'iiess  on  tlie  waler-bath,  and  changing 
to  oxide  by  the  method  of  Volhard  as  described  below,  and  weigh- 
ing as  such. 

The  cidoridc  is  readily  changed  to  oxide,  according  to  Volhard, 
by  gentle  ignition  with  pure  raorcuric  oxide.  The  process  ia  as 
follows:  The  neutral  solution  of  the  chloride.  cnntJiined  in  a 
platinum  dish,  is  treotod  with  a  largo  excess  of  pure  yellow  mer- 
curic oxide  *,  suspended  in  water,  aiul  eviiporatfd  to  drj'nr.ss  on 
the  water-bath,  whereby  mercuric  chloride  and  zuic  oxide  ore 
formed, 

Zna,+  HgO-ZnO+HgC]„ 

both  of  which  are  white  substances.  Knough  mercuric  oxide 
should  be  used  so  that  the  residue  cbtaine<l  after  the  evaporation 
is  notiecably  yellow. 

The  dry  mass  is  ij»iiitod  under  a  hood  with  a  good  draft  (on 
account  of  the  mercury  vapors  being  poisonoiL'*),  at  first  gently  and 
finally  strongly,  and  the  reaidue  of  zinc  oxide  is  weighed,  both 
mercuric  chloride  and  oxide  being  volatile.  The  results  are 
excellent. 

•The  mertruric  oxiilc  ia  prapfinKi  liy  pref^'ipitating  n  enhition  of  mcrtnirio 
ohionde  with  pure  caiwtic  potn^h.  The  pn-eipilatc  ia  allow*^  to  hiLiIs, 
wuhed  by  dtM^ntation  with  walcr  uutiS  free  from  chluriilc,  tint]  kvpt  sus- 
pended tn  wttt«r  in  a  bottle  writU  u  wiilu  neck.  .\  conmdemble  amount  of 
th«  mercuric  oxide,  say  5-10  giu.,  should  Ie^vc  nc  wcighoble  rvaduc  after 
igaition. 
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If  th*>  solution  contains,  bpsidfs  zinc,  alio  alkalies,  tTie  zinc  mn 
he  pmripitfltcH  ns  carbonate  and  clmngcfi  to  «ixiftp  w\K*n  ignition. 
The  prrcipitatwn  of  the  zinc  rarbonati^  should  take  place  in  a 
ponxdun  dlth  and  the  sodium  carbonate  Rolmiitn  should  lie  added 
drop  by  dro[)  to  the  cold,  barely  arid  solution  frw  from  ammonium 
ailla.  The  sodium  carbonate  is  addal  until  the  zinc  solution 
beeomea  turbid,  when  it  is  healed  to  bnilinR.  whrrebv  the  greater 
pari  of  the  zinc  is  precipitated  as  granular  zinc  carbonate.  Two 
drops  of  phc-io'.phthaimn  solution  are  then  added  and  enough 
aodhun  carbonate  solution  to  impart  a  distinct  pink  color.  In 
this  UTiT  a  precipitate  of  zinc  carlionato  is  obtained  free  from  alkali, 
which  is  not  the  cttse  if  the  hot  solution  is  at  once  precipitated 
by  the  addition  of  an  excess  of  sodium  carbonate.*  The  precipitate 
is  6ltered  from  the  htA  stiUition  and  washed  with  hot  water  until 
20  drops  of  the  filtrate  leave  no  residue  on  c^■apo^ation.  The  pre- 
eipttnlr  is  dried,  the  (rreatcr  part  transferred  to  a  wriRhcd  porce- 

^hSn  crucible,  the  filter  burned  by  itstlf  in  a  plaiiiiun^  spiral,  and 
the  ash  Btlded  to  the  main  part  of  the  precipitate  in  the  crucible, 
vhicb  is  t^iited,  at  first  jiently  and  finally  siroiiiily.  over  a  Teclu 

libunier  and  wtighe^lf  afttf  cooHnp  in  a  dtsicealor. 

3-  Determination  as  Sulphide. 

This  determination  is  chost n  whtn  the  zinc  is  present  in  a 

solution  eontainin);  ammonium  salts,  or  when  it  is  necessary  to 

jKeparat^  zinc  from  olkuitne  rartlis.  alkalits  or  nietiils  of  ihi^  gioup. 

iJUne  sulphide  may  be  precipitated  frx>m  ammoniaeal  sulutions,  cr 

aoluUone  containing;  free  acetic,  formic,  citric,  or  sulphocyamo 

■dds. 


ta  caae  eaanlerat^le  aintmiils  u.'  ammonium  mlhi  are  prcwnt  there 
be  DO  piedpilatioa.     Smiium  rtir!>onalo  ahoiiM  iben   be  Atl^ed  until 
«>Uilion  ii  aU^ly  olkelJiM-  Mid  the  Mtltiiioti  boiled  uulilall  t!%  lunmonia 
UnpeUed. 

t  If  tba  volulion  contiuna  sulpliato,  the  precipitate  produced  byrodium 
always  cootains  morv  or  )c«9  \>tuae   sine  nilpluUi!,  which  may 
lead   to  high  m'tltii.     In   llic  prct«n«!  a{  milp)iAt«s,  tlicrefntv.   it  ia 
iTiwNn  to  pRci[iilatc  the  sine  as  sulpliidc  juiil  dctennioe  it  w  aucli  lu-cord* 
biR  Ui3. 
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(a)  Precipitation  flf  ZnS  from  Ammnninrfd  Sfiutitm*. 

The  slightly  acid  solution  is  j>lac:eiJ  in  an  Krlcnmeyer  flask 
and  Irpatod  ivilh  soiliuni  carbonate  wihition  until  a  jiemianetit 
pivcipitatft  ia  obtaitieii.  This  i-s  liJSHolvftl  by  tliu  aildiliini  of  a 
few  drops  of  amnmtiia,  nft<'r  which  foreveiy  lOOc.c.nf  the  solution 
5  gins,  of  uninnjiiiuiM  iLCftati-  (or,  better,  amninninin  Ihiticyanate) 
arf;  added,  followed  by  a  HHj^lit  excess  of  frt*<lily  prf-pareil  ammo- 
nium sulphide,  the  flawk  is  nearly  filled  with  boiled  water,  stopijercd 
and  allowed  to  stand  twelve  to  twenty-four  hours.  Without  dis- 
turbins  the  precipitate,  the  clear  upper  lirjuid  is  poureil  through  a 
Schleicher  &  Schiill'a  filter  No.  500.  The  precipitate  is  covered 
with  ft  solution  containing  in  every  100  e.c.  5  gins.of  animoniutii  ace- 
tate {or  nnimnniuni  tliiocyanate)  and  2  c.c.  of  ammonium  wdphide 
solution,  shaken,  allowed  to  settle,  and  the  turbid  upper  litpjid  is 
poured  through  the  filter,  taking  care  to  reoeivc  the  filtrate  in  a 
frenh  Ix'aker;  in  case  It  comes  through  turbid  it  is  pmirmi  through 
the  filter  again.  The  decantation  is  repeated  three  times,  after 
which  the  jtrecipitate  is  transferrifxl  to  the  filter  and  ■n-ashed  com- 
pletdy  wiUi  the  above  solution,  taking  pains  to  keep  the  filler  full 
of  the  wash  liquid  during  the  entire  operation,  finally  washing  witfc 
water  containing  ammonium  sulphide  only.  The  precipitate 
is  then  dried,  transferred  as  cunipletuly  aa  possible  to  a 
weighed  Kose  crucible,  the  filter  burned  by  itself  and  the  ash 
added  to  the  main  portion  of  the  precipitate.  The  precipitate  is 
Qow  mixed  with  the  aid  of  a  platinuin  wire,  with  one-third  as 
much  pure  sulphur,  covered  with  a  layer  of  sulphur  and  heated, 
as  described  under  Manganese  (page  125)  in  a  current  of  hydro- 
gen. The  crucible  is  finally  allowed  to  cool  in  the  stream  of 
hydrogen  and  from  the  weight  of  the  sine  sulphide  the  wei^t 
of  zinc  present  is  calculated. 


Zn 
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US 


and   if  a    Is  the  amount  of  the  original  substance,  then  the 
per  oeat.  of  zinc  is 


100  Zn  p    --    . 


(6)  Predpilalion  of  ZnS  from  Acid  Svlulions. 

Tbe  solution,  which  hiu  been  nearly  neutralised  with  unimonia, 
is  treated  with  oiDDiouium  clilonde  or  sulpiiate  aud  a  little 
Bmuiuoium  or  tsodium  acetate;  and  is  then  tuitur&t«d  with  hydro- 
Qen  BulpliiUe.  After  the  pri'cipitiite  has  seLtled  fompletely, 
the  supenialaut  solutioij  is  poured  through  t\  Hltcr,  and  the  pre* 
etpit&lR  washed  with  2  to  -1  per  i^ei^t.  iieetic  acid  which  has  been 
aaturatod  with  hydrogpu  sulphide.  Wlien  thoroughly  washed 
it  is  treated  %s  described  above.  It  is  to  be  noted  that  the 
zinc  snlphidc  shown  less  temlenry  to  form  rolloidal  flolutions  when 
it  if  thrown  down  from  a  ttliglitly  acid  solution  than  when  tt  ia 
pre«fipitat«d  from  olkaluio  solutions. 


4.  Electrolytic  Determination  of  Zinc. 

In  the  presence  of  acid,  zinc  is  not  dcpuslted  by  an  electric 
Burrcnt  of  0.5  to  1  ampere,  although  It  may  be  deposited  even 
by  stronger  currents. 
From  the  solution  of  potassium  or  sodium  aincate,  or  from  the 
complex  allcali  zinc  cyanides,  it  is  easy  to  deposit  the  iinc  quan- 
titatively. 

(a)  Method  of  F.  Spitzer.* 

The  solution  of  xinc  sul|dtate  (Vlilondes  and  nitrates  should 
^be  absent)  is  trealeil  with  a  drop  of  phennlphthalpin  and  with 
liuiii  hydroxide  solution  until  a  permaiuint  coloration  is  obtained. 

Then  20  to  2o  c.c.  of  normal  cau.>ftic  soda  luilution  are  added,  the 

■  —  --  « 

•Z.  Eloktrodurtn.,  11,  101  <1906). 
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solution  13  diluted  to  150-200  c.c.  and  electrolyKecl,  UBing  &  plat- 
inum gau;:e  cathode,  with  a  current  of  0.8  to  I  ampere  and  3  to 
4  volts  electrode  potential.  At  the  end  of  tliroe  hours  the  elec- 
trolysis 18  JiiiisUed,  provided  not  more  than  0.5  gm.  of  zinc  ft-as 
preHeril.  Without  breaking  the  current,  the  electrodes  are 
raised  nearly  out  of  tiie  bath,  the  upper  portions  are  washed 
quickly  with  water,  then  the  eleelrodes  are  taken  entirely  out  of 
the  solution  and  rinsed  with  water.  The  current  is  then  turned 
off,  the  cathode  wjished  with  absolute  alcohol,  dried  above  a 
flame,  cooled  in  a  desiccator,  and  weighed.  When  depo-iited 
in  thin  way,  zinc  forms  a  bluish-gray  layer  that  adheres  firmly  to 
the  electrode.  To  make  sure  that  all  the  rJnc  was  deposited,  the 
electrodes  are  cleaned  and  the  solution  electrolysed  for  thirty 
minutes  longer.  A  slight  increase  in  weight  will  be  obtained  in 
every  case  because  the  anode  is  attacked  slightly  by  the  tdkiiline 
solution  30  that  the  cathode  slowly  continues  to  gain  in  weight 
from  deposited  platiniua.  If  at  the  end  of  half  an  hour  the 
gain  in  wcighl  la  not  over  0.3  mg.  then  the  deposition  of  the 
zinc  was  complete  the  first  time,  iia  can  Ije  shown  by  testing  with 
Bodium  sulphide.    The  results  are  always  a  litUe  liigh.* 

To  clean  the  electrodes,  they  are  boiled  thoroughly  with 
hydrochloric  acid  (1:2)  washed  well  with  distilled  water,  and 
ignited.  It  U  not  necessar)'  to  cover  the  platinum  gauxe  with  a 
thin  coating  of  copper  or  of  silver,  as  has  been  recommended 
when  a  platinum  dish  is  used  as  the  cathode. 

Remark.- — If  too  little  caustic  soda  is  present,  a  spongy  deposit 
of  zinc  is  obtained  which  does  not  adhere  well  to  the  electrode. 
For  this  reason  the  above  directions  should  be  followed  closely. 

In  the  presence  of  ammonia  the  determination  is  not  succesafuL 
Tf,  therefore,  it  is  desired  tn  analyse  a  solution  containing  an 
ammonium  salt,  it  must  be  boiled  with  caustic  soda  until  all  the 
ammonia  has  been  expelled.    Ifj  moreover,  chlorides  or  nitrates 


*EUwDod  B.  Spear,  J.  Am.  ClietD.Soo.,83.530<lo:0).  Tha  cxperimeats 
}a,ve  been  rcpvAiod  in  the  luitlmr's  lalKtmtory  liy  Jonlu!,  who  obtained  (la 
an  ftwrftsn  Irom  foiirtofn  (icternimalions  with  50  c,c.  of  a  linc  milphaU! 
flolution,  the  value  Cl.lOll  gm.  i^a  instead  of  O.lOOti  gm.  Zo,a  diScrcocc  of 
about  0.0  per  cent. 


I 
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are  prcs&ni  they  miut  he  removed  by  evaporation  with  sulphuric 
mi-ui.  Tlie  solution  w  cvaporalwi  on  the  water-bath  and  finally 
lumced  over  the  free  flame  until  dense  vapors  of  milphuric  acid 
mf«  expelled.  The  sohition  w  then  diluted  and  analyzed  in  the 
usual  manner. 

(b)  The  Potassium  Cyanide  Method.  * 

A  drop  of  phenol  phthalein  is  added  to  the  aolution  of  zinc 
Kulphatc,  catistic  aoda  solution  until  a  permanent  pink  coloration 
la  obtained,  and  then  potassium  cyanide  solution  until  a  clear 
•olution  remilta.  This  is  diluted  to  a  volume  of  150-200  c.c.  and 
eleetroljrsed  with  a  current  of  0.5  ampere.  At  first  the  electrode 
poteotifll  is  about  5.S  volts,  but  it  fnlls  during  the  analysis  on 
account  of  the  current  heating  the  aolution.  The  clectrolysia 
is  finifthcd  in  two  or  three  hours. 

Oihcr  methods  for  the  electrolytic  estimation  of  tine  are 
given  in  A.  Claascn's  book  QuantUatiTe  Analysis  by  Electrolysia. 


Separatiow  of   mahgakese.   nickel,   cobalt, 
from  the  alkaliite  earths. 


AlfD    ZIITC 


\ 


The  separation  depends  ujMin  the  inBoliibiUty  of  the  sulphides 
ol  the  nietals  of  thia  group  and  the  gulubillty  of  the  sulphidtH  of 
the  alkaline  earths. 

/*roflrv/mT.  — Thn  neutral  solution  of  the  clilondcp,  contained 
in  an  Erlcnmeyer  flask,  is  treated  with  anunonium  chloride  (in 
nee  it  i«  not  already  prceent)  and  frcshly-prepare*!  colorlem 
jmimonium  sulphide  solution  u  added  drop  by  drop  until  no 
further  prrcipitatiun  takes  place  and  the  liquid  has  a  distinct 
oilnr  of  ammonium  sulphide.  The  flask  is  then  flliroi«T  complptely 
fiOed  with  boili-tj  water,  corkcfl,  und  allowed  to  stand  tw<  Ive  hours. 
The  praeiptute  id  filtered  and  washed  as  de^criLn-d  in  tm:  Detur- 
n[natu)n  of  Zinc  (p.  144). 

If  only  a  small  amount  of  alkalinc-carth  metals  arc  present  and 


t  Luckow.  Z.  anal.  Chom.,  10,  1  (16S0). 


i 
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the-  ammotuiim  sulphide  snhuion  is  entirely  free  from  ammonium 
carbonate?,  tho  srparatinn  is  iisimlly  complete  nfttr  one  prccipila- 
tion;  in  the  presenee  of  ro!isi<l enable  rjilriiim,  strontium,  barium, 
or  mBgnt'sium  tho  sulphide  preripitafje  will  ahi-ays  be  more  or  Icsa 
cQiifaminated  with  these  substaiices,  so  that  the  prefipitation 
must  Iw  repeated.  For  this  purpose  the  washed  precijiitate  is 
dried,  transferred  as  crmpletely  as  possible  to  a  jHireelain  cnicibte, 
the  filter-paper  burned  in  a  platinum  spiral  and  the  a.sh  added  to  the 
main  pari,  of  the  precipitate  in  the  crueible,  whieh  is  now  covered 
with  a  walch-jihisH,  treated  with  dilute  hydroehloric  aeid,  and 
heatcrd  to  boiling  after  the  evolution  of  liydropen  sulplmh;  has 
ceased,  in  order  to  remove  all  of  the  hydrogen  sulphide.  A  very 
little  noncenfrated  nitric  aci<l  is  now  added  and  the  mixture  warmed 
until  the  precipitate  is  completely  dissolved;  the  solution  is  evapo- 
rnt<-d  1o  dryness,  treated  with  a  little  concentrated  hydrochloric 
acid,  and  again  evaporated  Ijj  drj'iitss  in  order  to  change  to  chloride 
any  nitrate  that  may  have  been  fornietl.  The  dry  mass  ie  moistened 
with  a  few  flrn])*;  of  conuenlrated  liydroehloric  acid,  dissolved  in  hot 
water,  ami  tJie  slight  residue  of  Kull]fhur  filtered  off,  which,  in  case 
barium  ia  present,  alwuyi^  contains  a  smull  amount  of  barium 
sulphate,  and  is  therefore  wai^hed  with  hi>t  water,  dried,  ignited 
in  a  porcelain  crucible,  and  weighed.  Tho  filtrate  m  then 
precipitated  exactly  tu»  before  by  tlic  addition  of  ammoniuni 
sulj^hide. 

In  case  nickel  Ls  present,  a  too  great  excels  of  ammonium 
sulphide  mu»t  be  carefully  avoi<led,  aa  otherwise  the  nickel  sulphide 
will  pass  through  the  Elter  (cf.  Vol.  I).  In  all  cases,  however, 
the  filtrate  sliould  be  tested  for  nickel  by  acidifying  with  acetic 
acid,  heating  ii>  boiling,  and  passing  hydrogen  sulphide  into 
the  solution.  If  a  slight  blaek  precipitate  ia  produced  by  this 
treatment,  it  is  filtered  off  and  combined  with  the  main  precipi- 
tate [cf.  p.  loOetseq}.  The  lUtrale  containing  the  alkaline-earth 
metals  is  freed  from  ammonium  salts  by  evaporating  to  dryness, 
dissolved  in  hydrochloric  acid,  and  examined  as  dcscrib&d  on  p. 
76  ct  seq. 

Remark. — The  ammonium  sulphide  solution  used  in  the  above 
separation  must  be  free  from  ammonium  carbonate.  As,  however, 
al]  entumi^ciai  «mmoiiia  contains  this  salt^  it  must  be  freed  from 
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carbonate  bofore  being  used  for  tho  preparation  of  atiuuunlum 
aulpliido  Bolulion. 

Preparation  of  Ammonia  Free  from  Carbonate.* 

About  10  jpoB.  of  freshly  slaked  lime  arc  added  to  500  c.c.  of 
oODccntratod  ammotua  contained  in  a  liter  flask  that  ia  connected 
with  a  condcnBer.  Tho  condenser  is  closed  by  means  of  a  tul>o 
ctiDtoining  soda-ltmc,  and  the  contents  of  the  dask  are  allowed 
to  stand  for  a  day  with  frequent  sbtiking.  .\ftcr  this,  from  300- 
400  c.r.  of  water  are  planed  iti  a  flask  and  boiled,  meanwhile 
paaaing  through  the  water  a  cuixent  of  nii'  that  has  been  freed 
from  all  traces  of  carbon  dioxido  by  passing  through  conccntralod 
caustic  potoah  solution  and  tlicn  tlu'ough  a  tower  fUlc<l  with 
floda-lime.  Tlie  water  is  ullov.ed  to  cool  in  this  air-etream. 
The  fiask  containing  tlic  ammonia  is  then  placed  on  the  wntcr- 
batii  in  such  a  position  that  the  condenser-tube  is  inclined  nlighlly 
upward,  and  this  is  connected  ■v-ith  the  deli ver>' -tube,  through 
^Which  Uie  air  previously  pasiwd  into  the  flask  of  boiUng  water. 
warming  the  water-httth  the  annuoniu  is  now  diatiUed  over 
ita  the  flask  containing  tim  boiled  water,  by  which  it  is  completely 
By  Katuraiing  a  port  of  this  ammonia  with  hydrogen 
ilphiile,  a  flolution  of  ammonium  sulphide  is  prepared  suitable 
the  al>ovc-dcscribed  aoparatiun. 

SEPJUtATIOR  OF  THE  BlVALBUT  FROM    THE  OTHER    METAIS 
OF  THE  AUMOKIUM  SULPHIDE  GROUP. 

Thia  separation  is  often  Hcsignatpd  as  that  of  the  protoxide4 
the  sesquiozides;  this  d(signatic>n  ig  not  applicable  in  ths 
of  titamuni  and  uranyl  derivatives. 

The  Barium  Carbonate  Method. 


Tliis  method  depcndit  u[X)n  the  fact  thai  ferric,  aluminium 
and  chrumic  salts  (as  well  as  titanio  and  uranyl  salts)  arc  preci- 

*ThB  ditJIIaticB  of  vomonia  also  arrvra  to  free  it  from  alticu,  which  it 
■hnyra  eODtaina  wbca  kojit  in  gluM  Itottira  tor  aoy  lengtb  of  tima. 
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pitat«d  in  the  cold  by  barium  carbonate,  while  manganese,  nickel, 
cobalt,  zinc,  and  foTTous  salts  are  not.  Salts  of  the  tnvaleiit 
metals  undergo  hydrolysi;?  when  in  dilute  aqueous  solution; 

Fo+*++HOHp2Fc(OH)^  +  +H  +  . 

Free  aciii  and  a  basic  stilt  are  formotl  by  this  hydrolysis,  the 
comiKwitiim  of  llie  liiHer  dejiciidinj^  npon  the  quantity  of  the 
water  and  the  tempcriiture.  If  the  free  acid  is  removed  by  the 
addition  of  Ijarimn  rarlM>nMit',  the  equilibrium  is  distnrl^cd  and 
the  hydi"oIy«i8  gix'S  fajthtr  until  fioiilly  tlie  insoluble  hydroxide 
is  formed: 

Fe(OH)*  +  +2HOH-»Fe(OH);i+2H+. 

The  barium  carbonate,  then,  Bcrvcs  only  to  neutraliate  the  add 
set  free  by  the  hydrolysis,  and  the  totfil  reaction  is  cxpreMed 
by  the  following  equation: 

2Fc+  +++3H0H+3BaCO3-»3Ba+  +  +2Fe(0H)3+3C0at. 

The  salts  of  the  bivalent  metals  arc  not  subject  to  this  hy- 
drolygifi  in  the  cold,  consequently  thry  are  not  precipitated  by 
the  addilion  of  barium  carbonate.  On  wanniiig.  howtv»r.  thty 
arc  hyd-olyzcd  to  an  appreciable  extent  and  are  tlun  preeii>itat«i 
by  barium  carbonate. 

Piocixiurc. — Sodium  carbonate  sohition  is  added  drop  by  drop 
to  thn  slightly  acid  solution  of  the  chloridca  or  nitrates,  but  not 
the  sulphates,*  of  tlie  metals,  in  an  Erlennioyer  flask  until  a  slight, 
permanent  turbidity  is  pr<>duccd,  wluch  is  then  rtdissolved  by 
tlio  addition  of  a  few  drojjs  of  dilute  liydixicliloric  acid.  Tho 
soliitinn  is  diluted  and  trrated  with  pure  barium  carbonatet 
(susiK^ndi'd  in  water)  until  after  thoroughly  shaking  an  cxa  ss  of  the 

*  Barium  {.'ftrboiiat«  nill  prrcipilatc  itw  biveJcLt  iiiuuilit  when  milphatea 
■ni  prcM-nt,  e^. : 

ZnSO,  +  BaCO,-  ZnCO,+  BaSO,. 
t  Ibe  barium  car(>onatfl  must  be  (no  from  alkuli  e&rbonatA 
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latirr  remains  on  tho  bottom  of  the  fla!<k.  The  Ha^k  is  cloaed 
and  allowKl  to  stand  for  several  hours  with  frequent  ifliakiiig.  The 
dettr  liquid  is  then  <lecantcil  off,  the  residue  treated  with  cold 
w»ter  and  again  dccaiitc<I.  Thia  dccantatinn  is  repeated  three 
tinics,  afUT  which  the  precipitate  i»  Irausfcrnd  to  the  filter  and 
cotnpk^tely  washed  with  cold  water.  The  precipitate  contains  all 
of  the  iron,  alununiuni,  chromium,  titanium,  and  uranium  in  the 
presence  of  the  excess  of  barium  carbonat<^.  The  filtrate  contains 
the  bivalent  luetaU  and  barium  chloride. 

The  predpitate  is  dissolved  in  diluif^  hydrochloric  acid,  boiled 
to  rciuove  thi'  carbon  liioxid*^,  find  lhe  iron,  flliiminium,  chnimium 
<titanium  and  uranium)  are  separated  ftoni  the  barium*  by  double 
Iirii'i|iitation  wih  ammonium  snifihide  as  described  on  p.  Ml. 
The  iron,  aluminium,  chromium  (titanium  and  uranium)  are  sepa- 
rau-ti  from  one  another  aa  descTilxd  on  pp.  107-120. 

The  filtrate  from  the  barium  carbonate  precipitation  is  freed 
from  barium  by  the  addiuon  of  sulphuric  aridf  to  the  boiling 
Wution  aftrr  it  lias  been  made  acid  with  hydrochloric  acid.  The 
berium  mdphate  is  filtered  off  and  the-  monoxides  are  separated 
Enmi  one  another  as  described  on  p  I5Q. 

Bemark.—The  above  separation  of  the  stsquioxides  from  tl» 
piotoxid««  is  not  absolutely  certain  in  the  prc:iencc  of  nickel  and 
oobalL  In  this  case,  particularly  when  considerable  iron  is  pres- 
ent, tbo  predpitate  produced  by  bcu-ium  carbonate  contains  small 
amounta  of  nickel  and  colmlt.  This  difficulty  can  be  overcome, 
hmrercr,  by  adding  annnonium  chloride  to  the  solution  (3-5  gms. 
for  each  1(K)  cc  of  solution)  before  precipitating  with  barium 
otfbooate;  the  sepftration  is  then  satiafactoty. 

•  Jlost  BirtbotitiM  recommend  prcripitAtiiig  th«  Wrium  first  with  buI- 
ffaoiie  acid  lud  th«n  acpttrotintt  th«  iron,  aJuiniiLium,  et:.  Tlie  pnxipilate 
gf  hariwn  wlphate  aiwajra  t-ontnina  mniill  uitouiitA  of  the  heavy  owtels, 
v  Uiat  Uw  antbor  prel«T«  the  nhovr  prm-rdtim. 

t  Or,  better,  b;  double  precipitation  of  the  other  metals  vitb  ammonium 
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Separation  of  Iron,  ALiTMimuM,  and  Titanium  cbvt  not 

ChROUIUU    and    URANIDUi     FROBt    MANGANESE,    NiCCEL, 

CoaA.LT,  AND  Zinc. 

Basic  Acetate  Method. 

This  classic  Tnethod  depends  upon  the  fact  that  ferric,  alu- 
minium and  titsnium  acetates  arc  hyclrnlyzed  in  hot.  dilute 
solutions  much  more  readily  than  the  acetates  of  the  bivalent 
metals.     From  the  equation 

Fe{C2n302)3+2HOHi=?2HC3H3O2  +  re(0H)2.C2HaO2, 

it  is  evident  thnt  acid  is  set  free  whirh  tends  to  slop  the  reaction, 
(hie  to  the  solvent  action  of  hydroRpn  ions.  The  concentration 
of  free  hydrogen  ions,  however,  is  kept  low  by  the  addition  oi 
sodium  acetate.  Then,  as  a  rule,  gome  manganese  is  likely  to 
be  precipitated,  so  that  it  is  aiivisaMe  to  dls-solvc  the  precipitate 
and  repeat  the  precipitation,  llydrated  manganese  dioxide  is  more 
insoluble  than  manganous  hydroxide, Mn(OI!)2,and  hence  long 
boiling  in  the  air  teiuU  t«  increase  the  quantity  of  manRBncse 
precipitated.  The  metho*!  is  somewhat  tcdioua,  but  gives  excel- 
lent results. 

Procedure. — The  alightly  acid  solution  of  the  cfUoridts,  con- 
tained in  a  small  beaker,  is  treated  with  sodium  carbonate  solu- 
tion in  the  cold  until  a  slight  permanent  opalescence  is  obtained, 
which  is  then  redLssoIved  by  the  addition  of  a  few  drops  of  dilute 
hydrochloric  acid.  Meanwhile  a  boiling,  dilute  solution  of  sodium 
or  ammonium  acetate  U  prepared  iu  a  large  roimd -bottomed 
Uosk,  coDtaiiiiitg  fur  each  0.1  U»  U.2  gtn.  of  iron  or  aluminium, 
1.5  to  2  gm.  of  acetate  and  300  to  400  c.c.  water.  When  the 
iron  solution  is  ready,  the  lamp  is  taken  away  from  F>eneath  the 
flaek,  the  irou  solution  U  added,  and  then  the  boiling  is  eon- 
tinued  for  one  minute,  the  flame  removed  (the  precipitate 
becomes  slimy  ou  long  boiliug),  the  precipitate  allowed  to  nettle 
and  filUTeti  immudiatety  while  the  liquid  is  hut,  through  »  Buted 
filter,  waaliing  tlu-ee  times  by  deuaiitatiou  with  boiling  water 
containing  ammonium  or  sodium  acetate.  The  filter  together 
with  the  precipitate  is  spread  upon  a  glass  plate,  the  bulk  of  the 
precipitate  riu«ed  into  a  porcelain  dish,  and.  thai  remaining  oi 
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the  filt*r  dissolved  by  alternately  ttcaling  with  concentrated 
liydrochloric  acid  and  hot  water.  The  resulting  solution  in 
ev«porat«d  nearly  to  dryness  on  the  water-bath  and  the  basic 
meelat«  preetpitatton  U  repeater)  exactly  as  before.  The  filtered 
and  wubed  precipitate  is  dissolved  in  hydrochloric  acid  and  the 
iron  separated  from  aluminium  according  to  page  107.  The 
combined  filtrates  containing  the  protoxides  are  acidified  with 
10-20  c.c.  of  concentrated  hydrochloric  acid,  in  order  to  prevent 
the  precipitation  of  hydrated  manganese  dioxide,  evaporated 
almost  to  dr^'uess,  dissolved  in  a  little  water,  the  manganese, 
nickel,  cobalt  and  zinc  precipitated  by  auimuiiiutu  sulphide  as 
deaenbcd  on  p.  147,  and  analyzed  according  to  p.  166. 

/?emarfc.— This  procedure  requires  practice.  It  is  especially 
suited  fur  the  separation  of  iron  and  titanium  from  the  protoxides; 
tbe  aepAralion  is  usually  less  satisfactory  with  aluminium,  so  that 
m  eaae  consadcrable  amounts  of  the  latter  are  present,  the  barium 
carbonate  aeparalion  is  to  be  prelerrod.   If  it  is  merely  a  case  of  tUo 

Separation  of  Iron  from  HanganesCf 

the  following  modifications  of  the  basic  acetate  process  give 
ktisfaotory  separations  with  only  a  single  precipitation. 

(a)  O.  Brtmck's  Method.  * 

The  acid  solution,  eoniaining  not  more  thyn  0.3  gm.  of  iron, 

is  treated  with  0.35  gin.  of  potassium  chloride  or  0.2G  gm.  ammo- 

[Bimn  c^nride  for  each  O.I  gm.  uf  iron  present.    The  solution  is 

[•raporated  to  do'ncss  on  the  water-fiath,  the  residue  pressed 

a  glass  rod,  and  heated  five  or  ten  minutes  longer.     By  this 

[tone  practically  all  tbe  mioeral  acid  is  expelled.    Tbe  residual 

are  disBolveJ  in  10  to  20  c.r.  of  water  and  to  tbe  resulting 

m   there   ts  added    1.5  gm.  of  sodium  acetate  for  each  0.1 

lyn.  of  iron  preernt.t    The  solution  U  diluted  with  boiling  water 

to  a  rnlume  of  400  to  500  c.c.  for  each  0.2  gm.  of  iron  preaeDt; 

h  is  halted,  with  constant  stirring,  until  boiling  begins,  and  then 

•inwm.  Ztic ,  IMH,  r,  513.    H.  W.  Funk,  Z.  anaJ.  Chnu.,  U,  IHI  (1900). 

t  Tbe  Helium  acvtabr  rr>*i>la  oftra  cvnlain  a  Ittthr  ■•rlion  cartwoate.  to 
tlwt  Lbvjr  tbouU  \x  iluBolvi^l  ia  b  Uulc  water  sad  dig  bolutin  maim  ^  vt'j 
add  bstoae  aJdia^  [t  to  tbe  bno  so'utiun. 
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the  Hamc  is  mmoved  and  the  precipitate  uUowcd  to  settle.  Tho 
solution  is  decunted  thruut^li  a  tinted  filter  utid  the  prcnripltate 
waslicd  with  hot  water.  Tlie  precipitate  is  dissulvod  in  as 
little  hydrocliloric  at'id  ns  possible,  the  iron  precip)tat^?J  by 
ammonia,  filtered,  dried,  and  ignited  as  diwcrilx'd  on  page  S7. 
The  filtrate  frum  the  basic  at'etate  preripitalion,  or  better  the 
combined  filtrates  fntrii  IjoUi  jirecipiiatioiis,  •  13  acidified  with 
bydnichhiric  acid,  evaporated  nearly  to  drj-ness,  the  residue 
dissftlved  in  a  little  water  and  the  mnnsaneae,  nic-kol,  cobalt 
and  xinc;  pireipitiited  with  ammnniiini  sulphide  according  to 
the  ditoctioiifl  on  page  147,  and  separated  according  to  page  156. 


(b)  Method  of  A.  UitUsch.f 
The  slightly  acid  sultitiun,  containing  not  more  than  0.3  g:ni. 
of  iron  and  having  a  volume  of  uut  over  100  c.c.,  is  carefully 
neutrali  ed,  whilo  stirring  constantly,  by  adding  ammonium  car- 
bonate solution  (200  gm.  of  the  commercial  salt  in  1  liter  of  water) 
from  a  pipette  or  burette.  When  the  precipitate  that  is  first  pro- 
duced begins  to  di.ssolve  ver>'  slowly,  the  neutralization  is  finished 
with  an  ammonium  carbonate  solution,  which  is  proparetl  by  tak- 
ing 50  c.c.  of  the  first  solution  and  diluting  to  I  liter,  the  dilute 
reagent  lioing  added  until  the  precipitate  producwl  will  not 
dissolve  within  one  or  two  minutes  of  stirring.  At  this  point, 
3  c.c.  of  double  lAmial  acetic  acid  are  added,  and  the  solution 
stirred  until  the  precipitate  disappears.  The  solution  is  diluted 
with  400  c.c.  of  hot  water  and  heated  until  it  begins  to  boil,  when 
the  greater  part  of  the  iron  will  have  been  preeipitated.  Then 
20  c.c.  of  ammonium  acetate  solution  (00  gin.  of  the  commercial 
salt  in  I  liter  of  waterlj  are  added  and  the  boiling  continued  for 

•The  funraoniocal  lillralc  from  the  Fc(l-HlJ,  precipitate  is  ocidilied  with 
&C-e.  of  coDC<.>ntratc>I  liydrocliluric  ni-icl  Ix-foiv  aildint;  it  to  Ihc  (itimti^  from 
the  l»«ic  occlalo  precipitation,  olliorwiw  iitiuiganMc  is  likely  to  be  pre- 
cipitate wbcn  the  two  tillratvif  arc  mixed. 

t  Z,  anal.  Chpm.,  12.  MS  <1'.H>3>. 

JCommcreia!  ammonium  orolatc  has  iho  ityinlvil  XH,rj!I,0,«TIC,H,0,. 
ir  ooQe  ofil  i«  uii  hiLtiil.  ItXI  c.c.  *JN.  iLnimonium  hydraxiile  arr*  mixvit  wiUi 
SO  C.C.  3N.  Acvtic  Acid;  the  mixture  muat  be  faintly  acuX.  0(  this  solution 
10  c.c.*5  C.C.  2N',  aoctic  arid  are  uncd  for  \\w  precipitation  of  the  iron, 
aad  lU  C.C.  of  2N.  acetic  acid  arc  addwl  to  dis&olve  the  precipitate  pro- 
duced by  ammonium  nkrboaate. 
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a  minute  longer.  Without  waiting  for  ihe  precipitate  to  settle, 
it  ts  filtered  ofl  ami  washed  w\\)i  hot  water  until  free  front 
cbloriicE. 

The  small  quantity  of  precipitate  adhering  to  the  Bides  of  the 
TMwl  in  which  the  precipitation  took  plaue  is  dissolved  in  a 
Jew  drops  of  hydrochloric  a».'id,  the  iron  precipitated  by  ammonia 
«iid  the  ferric  hydroxide  filtered  off  through  a  separate  filter. 
Butb  biters  arc  now  dried,  burned  and  the  iron  weighed  an  Fe,0,. 


SEPARATIOH    of    IROK    Ano    ALtTMINIUH    FROU    HABOAHESE, 

IficKEL,  Cobalt,  akd  Zinc. 

Sodium  Succinate  Method. 

ThU  method,  applicable  for  the  separation  of  large  qiiantitiee 
t£  iron  from  amall  qunntitits  of  mangamsr,  niclttrl,  etc.,  is  bnst-d 
Upoti  the  fact  that  ferric  iron  is  quantitativf  ly  precipitated  from 
nrulraJ  solutions  ns  light-brown  ferric  succinate  by  the  addition  of 
tuntral  alkali  succinate  solution,  while  manganese,  nickd,  etc., 
reouun  in  sohition. 

pjvcrdurc. — In  case  the  solution  contains  free  acid  and  all  tlio 
tlron  is  in  tlie  ferric  form,  it  is  neutralized  with  amnionia  until  a 
Idiah-hrown  coloration  is  formed,  wht;n  so<Iium  or  ammonium 
rlate  is  addid  until  the  color  bccotiits  a  deep  brown,  and  then  the 
itiiin  of  olksJ  succinate,  after  which  the  mixture  is  warmed 
',  sllowt  J  to  cool,  filtered,  and  n-ashcd  at  first  w-ith  cold  water, 
with  warm  water  containing  ammonia,  until  20  drops  of  the 
ite  leave  no  rcaiilue  when  o'nporatcd  to  <lrync-ss  on  platiniun. 
By  means  of  the  washing  with  aimnonia,  tlie  ferric  succinate  is 
cliangtd  to  ferric  l»y<lroxicle  which  is  dried  and  weighed  as  ftrric 
Dxitic  aft<  r  Ignition  in  a  porcelain  cnicible.  If  alun^injuu)  is  present, 
the  igiiitetl  naiduc  is  lurthcr  analyzed  aa  described  on  p.  I(i7.  The 
bivalent  metals  in  tlic  filtrate  are  best  precipitated  by  the  additka 
of  ammonium  sulplmle  and  analyzed  as  follows: 


/ 
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SEPWtAnoH  or  THE  Bivalent  Metals  of  the  AimoNioit 
Sulphide  Group  from  Ode  another. 

Separation  of  Zinc  from  Nickel,  Cobalt,  and  Manganese. 

All  methods  ftir  this  scjiaraJioii  rest  upon  the  slight  eolubUHy 
of  zinc  Bulijhide  and  tho  ready  Baliibility  of  the  remaining  sulpliidra 
in  their  state  of  fomiailoii,*  At  this  point  tt  maj'  be  well  to  aay 
a  few  wnrds  with  regard  to  the  most  recent  explanation  of  the 
process  that  takee  place  in  tlie  «iiliiUon  of  electrolytes. 

Solubility  Product. 

Inasmuch  as  no  8ul>sl.ai)cc  is  ahsohUdy  Insoluble  in  water,  it 
follows  that  in  every  case  where  a  precipitate  is  produced  the  solu- 
tion 13  satiiraleil  wiili  the  piibslance  and  (according  to  Ostwald)  in 
the  case  <if  dinicultly  soUihle  sulwtances  ihe  dissolved  portion  is 
pradiailly  completely  dissoclateii  eliiclrnlytieally.  The  binaiy  jk!^ 
stance  .-l,  C(^nsi^^t nig  of  the  elmientH  H  and  C,  ia  decomposed  m 
aqueous  solution  according  to  this  scheme'. 

If  the  concentrations  of  the  iona  B^  ami  C~  arc  desipnuted  by 
\B\  and  fr|,  ami  tlmt  of  the  iindissociiited  portion  by  \A],  then 
according  to  the  mas^vaction  law  the  following  relation  holds 
for  any  given  temperature: 

m  ■ 

Every  increase  of  \B\  or  \C\  causes,  therefore,  an  increaiM!  of 

[A],  and,  as  the  solution  is  already  saturated  with  A,  this  will 
produce  precipitation  of  the  substance. 

This  product  [B-Pl.t  which  if  exceeded  causes  a  superaalara- 
tion  of  the  solution,  and  consequently  prectpiiaticm,  Ls  called  the 

'Nickel  and  cobalt  eulphido^  when  once  formed  Arc  inaoluhle  in  diluU 
ftpiAi.  These  ("iibslHiicea  probwldy  flxUt  in  two  tillotropic  modilicalLoiis,  of 
wliicli  oDc  is  sulublij  and  tbe  other  iiiBolublG.  Tbv  soluble  furm  )ia«  uuver 
been  JHulatfiL 

t  T\w>  is  iWe  value  of  the  numerator  in  the  nuus  action  cxprceaion  when  Iho 
aolutkir  if  wtunOty'  k-^U*  tb4  wbsldnre  .4. 


'Constant. 


EXPLANyiriOff  OF  THE  SOLUTION  OF  SOLPHiDBS  IN  ACIDS, 

aoliiinliisf  produeL  If,  Otcre/ore,  in  any  solution  the  solubUity 
product  it  already  rmched,  then  the  mlution  is  saturated  with  reaped 
$0  lk»  aubtUatce  A,  and  if  the  soluhilUy  product  is  not  reached,  Ihen 
tMt  liquid  exerts  a  solvent  action  upon  the  solid  substance. 


Explanation  of  the  Solution  of  Sulphides  in  Acids. 

Acoordiikg  to  the  atxive  tlitrory,  th(t  solution  of  a  auljiludu  (e.g., 
siiic  sulpliidcO  in  acid  is  conceived  to  take  place  as  follows: 

On  treating  the  solid  sulphide  with  wator,  a  part  of  the 
aalt  ia  di&solv»I  until  the  soluhility  product  U  reached.  Thbi 
alntoet  inappreciable  amount  is  practically  completely  dissociated 
into  ions.  On  adding  acid  to  thi^  solution,  the  positive  liydrogen 
ions  tinitc  with  the  negative  sulphur  ions  to  fomi  neiural  hydrogen 
Hitpbido,  which  l>eing  a  vorj-  weak  acid  tt  only  dissociated  to  a 
slight  extent,  no  that  sulphur  ions  disappear  from  the  solution 
and  the  solubility  product  of  zinc  sulphide  is  no  longer  machcd: 

ZnS+ 2Hci  -  H,S+  Zi'iCij. 
The  liquid,  therefore,  dissolves  more  uf  tlie  solid  zinc  sulphide  and 
the  above  reaction  again  takes  plar*?  and  this  process  Is  ropoated 
until  ail  of  the  zinc  sulphide  is  brought  into  solution.  The  solu- 
bility of  a  sulpliide  in  aci*l,  tlirrrfon',  is  proportional  to  its  solubility 
pnxluct  and  to  the  concentration  of  the  hydrogen  ions.  If  we, 
iheUi  deairc  to  precipitate  zinc  by  means  of  hydrogen  sulphide 
finm  A  neutral  solution  of  an  inorganic  compound,  the  following 
axakleration  shows  us  ho«'  tliis  may  be  accomplished:  If  hydro- 
pn  aulphide  is  conducted  into  a  solution  containing  zinc  com- 
bioed  vith  a  mincrzU  acid,  the  zinc  is  indeed  precipitated,  but  as 
tfaQ  unount  of  zinc  sulphide  formed  increases,  there  is  an  increaw 
fn  tbe  concentration  of  tlie  hydrogen  ions: 

ZdC\+2USII  -  ZiiC  +  2Ha. 


■  S8 


CR^ymETRlC  ANALYSIS, 


doo  of  the  hydrogen  ions.    This  can  take  place  I>y  n-filacin^  the 
mineral  achl  formed  by  a  weaker  acid,  i.p.  one  wliiph  is  only  slightly 
dissociatt  (1,  so  that  the  soUuion  will  contain  fewer  hyilrogen  'ons.* 
The  following  methods  depend  upon  this  ptinciple. 

Method  of  Smith  and  Brunnw.f 
Procedure. — Tlie  liydrorhluriu  aciil  solution  of  tlie  four  mr^talfl 
is  treated  with  sodium  carbonate  until  a  permanent  precipitate  is 
formed,  wliirli  is  redissolvctl  liy  the  addiiioii  of  a  few  drops  of  vcr^* 
dilute  hydrochloric  acid.  Into  this  ahonst  neutral  solution  hydro- 
gen sulphide  is  passed  for  five  minutes,  thi  n  a  few  drops  of  a  raj 
dilute  solution  of  sodium  or  ammonium  aeetatc  are  added  and  the 
solution  is  salural^'d  ^ith  hydrogon  sulphide,  allowed  to  stand 
overnight,  filtered, and  washed  wilh  liydrogm  sulphide  water  which 
contains  in  ei'crj*  100  c.c.  2  gnis.  of  ammonium  sah.  (lather  the  chlr>- 
ridc,  8u!i»haU',  or  suliihocj-nnate).  Tlie  zinc  is  tlitn  delern:iwd 
cither  as  oxide  or  sulphide  according  to  tho  methoda  desciiiicd 
on  pp.142  and  143. 

Hntiurk. — Inasmuch  as  the  exact  amount  of  acid  to  lie  set  free 
is  unknown,  it  is  impossible  to  tell  exactly  how  much  alkali  acetate 
is  neccssaiy,  and  heroin  lies  tho  chief  difficulty.  If  too  much  alknli 
acetate  is  added,  some  nickel  or  colialt  sulphide  may  be  precipitated 
(shown  by  the  gray  color  of  the  zinc  pnclpitate).  If  not  rnou^ 
alk.ili  acr-tatc  is  add*  d^  ihc  zinc  will  not  be  completely  piccipitated. 
The  following  separation  is  more  cerlain. 

Method  of  CI.  Zimmerman.^ 

ProccduTc. — ^The  wcaldy  acid  solution  is  treated  with  sodium 
earbonale  anhilion  until  a  permanent  precipitate  is  formed,  which 
is  rediBsclvrd  by  the  addition  of  a  few  drops  of  very  dilute  hydrt> 
chloric  acid,  then  for  every  SO  c.c.  of  the  eolution  10,  or  at  the  meet 
15,  drops  of  douhle-norniRl    hydrochloric  acid,§    and    10  cjj.  of 

*  Concemiog  tbe  equilibrium  coQclitiona  in  the  preci]jitation  of  sulptwlM 
by  hyiin>fn'n  milplililo,  mti  BruTi«r  tuiil  Zavrudzki,  Chein.  Zentr.,  tSlO,  9. 

fChem.  CcatraU-  1895,  26. 

j  .Villi,  d.  Chvni.  u.  I'luirm,  1»9,  (IS79)  p.  3;  204  (ISSO).  p.  228. 

I  The  lulfUiiun  o(  liydrurliloric  of  id  is  in  all  caaca  ncoeaaaiy,  bocauao  other- 
vtoo  okkel  sulphide  will  t>o  pn^cipitn-tcd  with  tho  linc  Bulphido,  ospccioUy 
when  eonadorablc  nickel  and  Utllo  sine  arc  pnacot. 
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inininmiiin  su]phocyanatc(I:5)8(>Iulinn  arc-  added. aftrr  which  the 
ti'liitiun  U  bt«U-d  to  about  70°  C.  and  is  saturaUd  \^ilh  livdioiieii 
fulphide.  At  first  the  solution  bccoiiit^  only  tilt)ibt.]y  lurliid.*  but 
after  some  time  pure  while  zinc  sulphide  is  thrown  dttwii  in  rhiuds, 
consumOy  becoming  densi-r.  After  (he  solution  has  iKTuruf  ealr 
uratL-d  nith  hydrogen  sulphide,  the  iM-aker  is  covered  and  allowed 
to  Etmnd  in  a  moderately  warm  place  until  the  precipitate  \\m  setr 
iJcd  and  the  upixr  hquid  is  cloarj  afti<r  whinli  the  ]inM-t|'it»te  la 
filtered  and  washed,  us  described  in  the  method  of  Smith  and 
Brunncr. 

From  the  filtrate  nickel,  cobalt,  and  manganese  are  precipitated 
by  mmns  of  ammonium  fiul[)hidc,  filtered  and  sepamted  according 
to  the  following  methods. 

Remark, — \N'Iiat  is  the  part  played  by  the  ammonium  buI- 
pbocyonate  in  this  determination?  Certainly  it  cannot  act  the 
BOBie  OS  the  ommoniimi  acetate  in  the  Smith^Brumur  nietlifKl,  for 
ndpbocyanic  acid  is  not,  like  acetic  acid,  a  weak  acid,  but  a  very 
Btrotig  one,  almost  as  strong  as  hydnx-hlnric  acid  il«plf,  and  the 
iiiBK>ciation  of  strong  acida  is  only  slightly  influenced  by  the  oddU 
tkn  of  their  neutral  aalts. 

Ammonium  sulphocyanatc  probably  simply  "suits  out"  the 
tine  nilphidc  (cf.  Vol.  T). 

By  ihc  action  of  hydrogt  n  sulphide  upon  the  rinc  salt,  rinc  inil- 
phide  is  produced  both  in  the  hydrogel  and  hydmsol  forms  and  the 
wninAfuimi  sulphocyanate  changes  tlie  latter  into  the  iniwtluble 
fcydro^L  If  tills  cxpUtnalion  is  correct,  the  separation  of  xinc 
fmn  mdcclj  etc.,  will  succeed  equally  well  if  the  ammonium  sul- 


'Tlxn  u«  Bt  tbe  start  but  few  liao  iom  in  the  aniutinn.  The  fuiir 
■Htels  are  pretnii  (or  Ukc  mn»i  part  in  tho  form  of  complex  ihioeyiuulM 
•I  the  anwnl  furmuU  |R(CN8>J(NU(>,.  The  line  «Ut,  like  conmUite 
(a»  VoL  1>  u  Klij^tly  diMocwlcd, 

|Zn{CN8W(NH«S~*Zn(CXa),  +  2SH/.'N'8, 

aad  Iks  rioe  tlik)cyan>te  u  coawrtt'd  into  Inaduble  mlpUde  bjr  the  aetioa 
«f  fcjdti^  nlpfaklc.    ^\'hcn  tlir>  sine  besiu  to  pivdpfta>  >■  «ulpUde, 

SoiHMam   is  dutarixxl  uul  e^Totoally  aU   th«  rine  litsomm  pfadf^ 
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phocynnatc  is  roplocfd  by  ammonium  fhlnridc  or  ammonium  sul- 
phate.   Tliat  this  is  the  case  is  showTi  by  the  following  mcthocL 

"  Salting-out  Method.' 

Experiments  wrro  prrfornicd  by  G.  H.  Kmrnpre  in  order  to 
dett-nnine  whether  the  separation  of  zinc  from  niekcl  and  cobalt 
could  be  acpomplisht  d  in  weakly  aeid  sulutions  by  hydrogen  sul- 
phide after  the  addition  of  any  ammonium  salt  of  a  strong  acid.* 
The  results  obtained  showed  this  to  bo  possible. 

Procedure. — ^The  neutral  solution  t  containing  the  nickel  and 
zinc  either  in  the  fonn  of  sulphate  or  chloride  (the  sum  of  the 
oxitl&s  prcvtent  amounting  to  about  \  per  cent,  of  the  weight  of  the 
solution)  Is  treated  with  S-IO  drops  of  double-normal  hydrochloric 
acid  and  about  2  per  cent,  of  ammonium  sulphate  (referred  to  the 
total  amount  of  liquid)  and  the  solution  is  saturated  at  50"*  C.  with 
hydrogen  Hiilphiiie;  the  warm  soiiitioii  is  allowL'd  to  «tand  unl.il  iho 
pure  white  preeipitale  of  zinc  sidphvile  has  Hetiled  out  and  is  then 
trpjitcil  exactly  a«  dcseribed  mider  ihe  MetlirKl  of  Zimmerman. 

Ursulh. — In  ihc  following  ex)>ertmrntH  a  zinc  sulphate  solution 
conlJuniiig5.S90gms.  zinc  to  tlio  liter  an<i  a  solution  of  nickel  sul- 
phate eoiitaiiiing  5.320  gms.  nickel  to  the  liter  were  used. 
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*  Or  uny  other  sail,  cr,,  a  pola»MuiD  salt. 

t  H  tliL-  noliition  is  acid,  it  \a  ncutralisoU  by  acxlium  carbonate  lu  described 
under  the  iirucfding  methods. 


Separation  of  DSanganese  from  Nickel  and  Cobalt. 

The  solution  of  the  chlnndts  or  sulpliates  is  treated  with  an 
exoeas  of  podium  carbonate,  strtmgly  afidifictl  with  acetic  acid, 
and  for  each  Kram  of  tiickpl  or  cobalt  present  ijpnis.  of  ammonium 
•fetat^  are  added,  the  solulion  is  dilut<-d  to  K)l!i-200  c.c,  heat«d  to 
"0-SO®  C-,  saturated  with  hydrnpcn  fiulpliidc,  liltcrc-d,  and  washed 
with  hot  wat«r.  The  maiipinese  is  in  the  filtrate,  and  the  uicitel 
and  cobalt  ai«  in  the  precipitate, 

Sonarifc.— The  fdlratfl  often  contains  ginall  amoiuits  of  nicM 
uid  cobalt.  In  order  to  rpmove  thcso  metals,  the  solution  should  b« 
eooccntrated  and  o<>lnr1p}»  nnmioniimi  Kulpliido  added.  It  is  then 
^^m^de  slightly  arid  u-ith  acetic  acid,  warmed,  and  filtered.  In 
^^HbMC  a  precipitate  of  nickel  or  cobalt  otdphides  is  formed  by 
^^nhts  treatment,  the  filtrate  is  s^aiii  tei^ted  in  the  same  wny  and  the 
^^■prooces  repeated  until  no  further  precipitation  is  produced. 


Separation  of  Cobalt  from  NickeL 
(a)  Method  of  Tschugaeff-Bninck.* 


This  method  is  [irobably  the  quickest  and  most  accurate  for 
the  ostuuatJon  of  nickel  in  the  presence  of  cobalt.  It  depends 
upon  the  fact  that  nickel  is  quantitatively  precipitated  by 
iDpanH  of  dimethyl  glyoxime.  from  a  barely  ammoniacal  solutlim 
or  from  a  slightly  acid  solution  containing  sodium  acetitte.  Cobalt, 
under  theec  conditions,  Is  not  precipitated. 

Procedure. — If  the  f|uiintity  of  cobalt  present  does  not  exceed 
the  quantity  of  nickel,  the  procedure  is  exactly  the  same  as  when 
Biekel  alone  is  pre!H>nt;  with  Urgcr  quantities  of  cobalt  two  or 
tfaiee  times  as  much  of  the  dimethyl  glyoxime  reagent  is  added 
aod  the  precipitation  is  accomplished  exactly  as  described  on 
p^?  129.  For  the  determination  cf  both  nickel  aod  cobalt, 
the  original  solution  is  divided  into  two  portions.  In  one  por- 
tion the  nickel  is  determined  as  outlined  above,  and  in  the  other 
the  two  elements  ore  deposited  electrolyticatly  as  described  on 
page  136,  and  the  cobalt  found  by  difTcrence.  If  only  a  UtUn 
of    the    suliatunco    is    availul>le,    the    twu    metals  are  dcpoaitcd 
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together  by  electrolysis,  the  weighoci  depusit  dissolved  in  nitric 
acid  (tho  electrodes  must  be  completely  immftrsefJ  in  the  aoid 
and  tho  solution  boiled  for  ut  least  20  minutes).,  the  resulting 
solution  concentrated  to  a  small  volume,  and  the  nickel  deter- 
mined a«  described  above.  The  method  can  be  recommcnJod 
strongly. 

(6)  The  Potassium  Nitrite  Method  of  N.  W.  Fischer.* 

Briinek's  Modificatton.'f 

The  solution  contnining  an  excess  of  acid  is  evaporated  to 
dryness  in  n  pnrcolain  dish  and  the  residue  treated  with  one  or 
two  dro])3  of  tlilitte  hydrochloric  acid  and  5  to  10  c.c.  of  water. 
Pure  caustic  potash  solution  is  then  added  drop  by  drop 
until  tho  reaction  is  barely  alkdlino.  Tho  rcsultins  precipitate 
is  dissoivod  in  as  littte  glarial  acetic  acid  as  possible,  half  of  tho 
solution's  volume  of  50  per  cent,  potassium  nitrite  solution  is 
addod,  iind  10  dnips  more  of  acetic  arid;  the  mixture  in  stirred 
well  and  allowpd  to  stand  twenty-four  liovini,  At  the  end  of 
this  time  the  precipitation  is  almost  always  complete.  It  should 
be  tested,  however,  by  removing  a  little  of  the  undiluted  solution 
with  a  piiJctte,  adding  tf»  it  a  little  mom  potassium  nitrite  solution, 
and  allowing  to  stand  a  little  longer.  If  at  the  end  of  an  hour 
no  further  precipitation  results,  then  all  the  cobalt  has  been 
precipitated.  If  a  precipitate  is  formed,  the  whole  solution  is 
treated  with  more  potassuim  nitrite  and  again  allowed  to  stand. 
The  clear  liquid  is  poured  thmugb  a  filter,  the  residue  trans- 
ferred to  the  filter  and  washer!  with  a  10  per  ront.  potajssium  acetate 
Bolution  until  1  c.c.  of  the  filtrate  on  being  acidified  with  acetic 
acid  and  boiled  with  I  c,c.  of  a  I  per  cent,  solution  of  dimethyl 
glyoxime  will  show  nn  test  for  nickel.  Tliis  is  usually  the  case 
after  washing  four  times.  As  much  of  the  precipitate  as  possible 
is  now  tran.sferred  to  a  small  porcelain  dish,  which  is  covered 
with  a  watcli-gla-'w,  cautiously  acidified  with  sulphuric  acid,  and 
heated  on  the  waier-hath  until  no  more  brown  vapors  arc  evolved. 


•  PoKR.  Ana..  71,  &tS  (1S47). 
t  Z.  onsew.  Cbcm..  1907,  1M7. 
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The  BPiall  quantity  of  preclph-ate  remnming  on  the  filter  is  dis- 
soU'ed  by  pouriiig  hot,  dilute  sulphuric  aciJ  llirough  the  filter 
utd  this  arid  i^  added  to  the  main  solution  of  tlie  cobalt.  After 
e^'aporatiug  as  far  as  possible  on  tlie  waler4>ath,  the  heating 
is  contin\iod  on  an  nir-bath  until  deiistj  vapors  of  sulphuric  acid 
are  evolved.  After  coolbg.  the  residue  is  dissolved  in  water  and 
tbo  cobalt  determined  electrolytic  ally,  as  described  on  p.  138. 
U  it  U  not  convenient  to  carrj-  out  an  electrolysis,  the  nitrite 
precipitate  is  dissolved  in  hydruchluric  acid  and  the  cobalt 
srmined  according;  lo  j).  13»  (6). 

'The  fdiriite  contaiiiinf;  the  nickel  can  be  treated  with  hydro- 
chloric acid  until  the  uitrlc  acid  is  completely  decomposed,  and  the 
nickel  then  precipitated  no  bUu-k  nickelic  hydroxlile  by  caustic 
potaah  and  bromine  water,  filtered,  washed,  and  wei^lied  as  the 
oxid«,  according  to  p.  137. 

Remark. — ^This  method  gives  reliable  results  provided  tho 
solution  Ls  free  from  alkaline  ciLrths.  In  the.  latter  case  the  nic^kcl 
and  alkalinc-carth  mctats  are  precipitated  with  the  cobalt.  (Cf. 
Vol.  I.) 

(c)  Liebig*s  Potassium  Cyanide  Method.* 

Thifl  method  is  based  upon  ihe  dilTerent  behavior  of  the  com- 
plex cyanogen  couipounda  of  both  metals  to^varda  brumine  or 
chlorine  in  alkaline  solution.     {C{,  Vol.  I.) 

Procedure. — The  neutral  solution,  which  may  contain  only 
nickel,  cobalt,  and  the  alkalies,  is  treated  with  an  excess  of  purest 
98  per  crnt.  potassium  cyani<le  and  5  gm.  of  pure  potassium  hy- 
dnixide,  after  which  tirnmine  water  is  added,  with  constant  stirring, 
until  no  more  nickellc  hydroxide  is  precipitated.  Care  must  be 
taken  tluit  tho  solution  remains  strongly  alkaline  until  the  end 
of  theprorejw;  upon  this  point  ilepends  the  eucci-sanf  this  e.xcellent 
method.  When  the  precipitation  is  complete,  the  solution  is 
dnut«d  with  cold  water  and  the  nickel  determined  as  oxide,  as 
dwcrilnxl  on  p.  137. 

The  cobalt  remains  in  the  filtrate  as  ]>otiuwtuni  cobalticyanide. 
After  the  addition  ot  dilute  sulphuric  acid,  the  solution  Is  cvapo- 
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together  by  electrolysis,  the  weighed  dt-posit  dissolvotl  In  nitric 
»cid  Ctlie  electrodes  must  be  completely  irniiid-aed  in  the  acid 
aiid  the  solution  boiled  for  at  Ihjwl  20  rtiiiiutes),  llie  resulting 
Bululion  concent  tilted  to  a  small  volume,  and  the  iiickel  deter- 
mined as  deecribed  above.  The  method  can  be  recommended 
strongly. 


(6)  The  Potassium  Nitrite  Method  of  N.  W.  Fischer.* 
Brunck's  Modification. "f 

The  solution  containing  an  excRss  of  acid  is  evaporated  to 
dr>'nps3  in  a  porrclnin  dish  and  the  residue  treated  with  one  or 
two  dropa  of  dilute  hydrochloric  acid  and  5  to  10  ex.  of  water. 
Pure  caustic  potash  solution  is  then  added  drop  by  drop 
until  the  reaction  is  barely  alttfllinc.  The  resulting  prccipitnto 
i3  dissolved  in  as  little  glacial  acetic  acid  as  possible,  half  of  the 
solution's  volume  of  SO  per  cent,  potaaaium  nitrite  solution  ia 
added,  and  10  drops  more  of  acetic  acid;  the  mixture  ia  stirred 
well  and  nllowed  to  stand  twenty-four  hours.  At  the  end  of 
this  time  the  precipitation  is  almost  always  complete.  It  should 
be  tested,  however,  by  removing  a  little  of  llio  undiluted  solution 
with  ft  pipette,  adding  to  a  u  liilic  mnre  potassium  nitrite  solution, 
and  allowing  to  stand  a  little  longer.  If  at  the  end  of  an  hour 
no  further  precipitation  results,  then  all  the  cobalt  has  been 
precipitated.  If  a  precipitate  is  formed,  the  whole  solution  is 
treated  with  more  potassium  nitrite  and  again  allowed  to  stand. 
The  clear  liquid  is  poured  through  a  filter,  the  rejitdue  trans- 
ferred to  the  filter  and  washed  with  a  10  per  cent,  potassium  acetate 
solution  until  1  c.c.  of  the  filtrate  on  being  acidified  with  acetic 
acid  and  boiled  with  1  c.c.  of  a  I  per  cent,  solution  of  dimethyl 
glyoximc  will  show  no  test  for  nickel.  This  is  usually  the  case 
after  washing  four  times.  As  much  of  the  precipitate  as  possible 
is  now  transferrod  to  a  Bmall  porcelain  dish,  which  is  covered 
with  a  watch-glass,  cautiously  acidified  with  sulphuric  acid,  and 
heated  on  the  water-bath  until  no  more  brown  vapors  are  evolved. 

•  Pogg.  Ann.,  71.  545(1847). 
t  Z.  angcw.  Chcm..  1907,  1S47. 
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The  smiOl  quantity  of  precipitate  reniftining  on  the  fUtor  is  dia- 
tolved  by  pouring  hot,  dilute?  sulphuric  aritl  through  the  filter 
and  thifl  acid  is  a<lded  to  the  main  sohition  of  the  cobalt.  After 
evaporating  a.i  far  as  possible  on  the  water-bath,  the  heating 
is  contimied  on  an  air-bath  until  dense  vapors  of  sulphuric  acid 
are  evolved.  After  cooling,  the  residue  is  dissolved  in  water  and 
the  cobslt  determined  plectrol>-tically,  as  described  on  p.  138. 
If  it  is  not  convenient  to  earn,-  out  an  electrolysis,  tlie  uitrito 
precipitate  is  dis8oIve<l  in  hydrochloric  acid  and  the  cobalt 
iletermined  according  to  p.  139  (6). 

The  filtrate  containing  the  nickel  can  lie  treatetl  with  hydro- 
chloric acid  until  the  nitric  acidi.'*  completely  decoinposed,  and  the 
nickel  then  precipitated  &s  Mack  ntckelic  hydroxiiio  by  caustic 
potash  and  bromine  water,  filterc<l,  washed,  and  weighed  as  the 
oxide,  according  to  p.  137. 

Rejnark. — ^This  motlioti  gives  reliable  results  provided  the 
•olution  is  free  fnuu  alkaline  carihH.  In  the  latter  case  the  nickel 
and  olkalinc-carth  metals  are  precipitated  with  tlie  cobalt.  (Cf. 
Vol.  I.) 


(c)  I-ie1)ig*s  Potassium  Cyanide  Method.* 

This  method  ia  haivd  upim  (he  iiiiTcreiit  behavitir  of  the  cnm- 
plcx  cyanogen  conipmniJa  of  both  luetalw  towards  bromitiu  or 
chlorine  in  alkaline  sohilion.     (Cf.  Vol.  I.) 

Pracedure. — The  neutral  Hcihltiori,  which  may  contain  only 
nickel,  cobalt,  and  the  alkalies,  is  treated  with  an  cxcesti  of  purest 
9H  per  cent,  potassium  cyanide  and  5  gm.  of  ])urc  porassiuin  hy- 
droxide, after  which  bmtnine  water  is  addwl,  with  constant  stirring, 
until  no  more  nickelic  hydroxiile  is  precipitated.  Can,;  must  Iw 
taken  that  the  solution  remains  strtmgly  alkaline  until  the  end 
of  the  process;  upon  this  point  depends  the  (success of  this  excellent 
method.  When  the  pri'dpitation  is  eomplcte,  the  solution  is 
diluted  n-ith  cold  water  and  the  nickel  determinod  as  oxide,  as 
deacribod  on  p.  137, 

The  cobalt  remains  in  the  filtrate  as  potassium  cobalticyanide. 
After  the  addition  ol  dilute  sulphuric  acid,  the  solution  is  cvapo- 
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ratetl  aa  far  as  possiljld  on  the  water-bath,  a  little  concentrat€^l 
sulplmric  acid  id  uddeii,  ami  the  residue  is  heated  over  a  free  flame 
until  dciise,  white  fumes  are  evolved  and  the  eiTcrveiccnce  has 
ceased: 

2K3Co[CN)6+llU2SO*+l3Hi!0  = 

2C0SO4 +3  KaSO^ + 1  lCO+COi+6{NH4>2S04. 

The  cold,  blue  mnss  h  dissolved  in  water  and  the  cobalt 
depoaited  eltTtmlytically;  or,  the  cobalt  may  be  prrripitated  by 
the  addiiioti  of  bnnnino  wattir  anil  potaaHium  hydroxidej  filtored» 
dried  and  dctermiued  aa  metal  according  to  p.  139. 

(d)  Uebig's  Mercuric  Oxide  Method. 

In  Ihia  method  advantage  13  taken  of  the  fact  that  potassium 
nickeloeyanide,  like  almost  all  other  complex  cyanogen  compounds, 
is  decomposed  by  mercuric  oxide,  whereas  potassium  cobalti' 
cyanide,  on  the  contraiy,  is  unaffcctcil: 

Ii,Ni(CN),+2HgO+2H,0  =  Ni(OH),+2KOH+2Hg(CN),. 

Procedure. — A  slight  excess  of  pure  potassium  cyanide  is  added 
to  the  neutral  solution,  which  Is  then  heated  on  the  water-bath 
for  at  least  one  hour  in  order  to  change  the  potassium  cobalto- 
cyauide  to  potassium  cobaltlcyanidc  (cf.  Vol.  I).  The  solutionis 
then  treated  wilh  a  suspension  of  mercuric  oxide  in  water  and 
heated  for  a  long  timcj  with  frequent  stirring,  upon  the  water- 
bath.  The  decomposition  is  complete  after  one  or  two  hours. 
The  solution  is  diluted  somewhat  wilh  hot  water,  and  the  pre- 
cipitate, consisting  of  nickelous  hydroxide  and  the  excess  of 
mercuric  oxide,  is  filtered  off,  dried,  ignited  under  a  hood  with  a 
good  draft,  and  the  residue  of  nickel  oxide  weighed  as  described 
on  p.  137.  It  is  better,  however,  tn  disaolvc  the  nic'cci  oxide 
in  sulphuric  acid  end  detennine  it  elcntrolyiica'ly  according  to 
p.  136,  or  as  the  aalt  of  dimethyl  glyoximc,  according  to  p.  129. 
The  filtrate  containing  potassium  cobaltlcyanidc  and  mercuric 
cyanide  is  treated  with  sulphuric  acid  exactly  aa  described 
under  (&)  and  the  coboli  determined  as  metal,  preferably  by 
eloctrolysia. 
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The  author  has  also  tested  and  found  satisfactory  the  method 
of  Ilinaky  and  Knorre;*  but  it  seems  to  have  no  advantages  over 
the  above-described  procedures. 

Recently  Rosenheim  and  Huldschinsky  t  have  applied  Vogel's 
qualitative  test  for  cobalt  (cf.  Vol.  I,  under  Cobalt)  to  the  quanti- 
tative separation  of  this  metal  from  nickel,  and  have  obtained 
excellent  results. 

Separation  of  Nickel  from  Zinc.    Method  of  Tschugaeff-Bnmck4 

The  solution  ia  treated  with  ammonium  chloride,  and  enough 
ammonia  to  make  it  slightly  ammoniacal;  no  precipitate  will  be 
formed  if  sufficient  ammonium  chloride  has  been  added.  The 
solution  is  then  just  acidified  with  hydrochloric  acid,  heated  to 
boiling  and  the  nickel  precipitated  with  an  alcoholic  1  per  cent. 
dimethyl  glyoxime  solution  exactly  as  outlined  on  p.  129. 

In  the  filtrate,  it  is  best  to  precipitate  the  zinc  as  sulphide 
by  acidifying  with  acetic  acid  and  saturating  the  hot  solution 
with  hydrogen  sulphide  (cf.  p.  145). 

Remark.— -When  considerable  zinc  is  present  it  is  necessary  to 
add  more  dimethyl  glyoxime  to  precipitate  the  nickel. 

Separation  of  Nickel  from  Manganese.    Method  of  Tschugaeft- 

Brunck.§ 

The  analysis  is  carried  out  exactly  aa  described  above  with 
the  only  difference  that  the  final  precipitation  takes  place  in  an 
acetic  acid  solution.  The  greater  part  of  any  mineral  acid 
present  is  neutralized  carefully  with  ammonia,  the  barely  acid 
solution  is  treated  with  1  per  cent,  dimethyl  glyoxime  solution 
and  then,  after  the  precipitate  has  formed,  sodium  acetate  is 
added  and  the  analysis  continued  according  to  p.  129.  If  the 
alkali  acetate  is  added  before  the  dimethyl  glyoxime,  a  very 
voluminous  precipitate  is  formed  which,  to  be  sure,  can  be  filtered 

•  Bericht«,  18,  6C9. 

t  Ibid.,  34,  2050. 

t  Z.  augcw.  Chem.,  1907,  1849. 

ilbid. 
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with  auction,  but  even  then  the  filtration  is  tedious.  Thus  when 
possible  it  is  best  to  add  the  sodium  acetate  after  the  dimethyl 
glyoxime.  When,  on  the  other  hand,  iron  has  been  removed  by 
a  basic  acetate  separation  and  nickel  and  manganese  are  to  be 
determined  in  the  filtrate,  the  precipitation  must  take  place  in  a 
solution  already  containing  sodium  acetate.  In  the  filtrate 
from  the  nickel  dimethyl  glyoxime  precipitation,  the  manganese  is 
precipitated  with  ammonium  sulphide  and  determined  as  described 
on  p.  125. 

Separation  of  Nickel  from  Iron. 

If  the  iron  is  present  in  the  ferrous  condition  it  is  oxidized 
by  boiling  with  nitric  acid.  Then  from  1  to  3  pn«  of  tartaric 
acid  are  added  and  the  ;  olution  made  slightly  ammoniacal  in 
order  to  find  out  whether  enough  tartaric  acid  has  been  added 
(the  solution  must  remain  perfectly  clear) .  After  making  barely 
acid  with  hydrochloric  acid,  the  nickel  is  precipitated  with 
dimethyl  glyoxime,  the  acid  just  neutralized  with  ammonia, 
ttnd  the  analysis  continued  according  to  p.  129. 

Determination  of  Nickel  in  Steel.* 

The  sample,  weighing  about  0.5  gm.,  is  dissolved  in  10  c.c.  of 
concentrated  hydrochloric  acid,  enough  nitric  acid  is  added  to 
completely  oxidize  the  iron,  and  if  there  is  any  separation  of 
silica  at  this  point  some  hydrofluoric  acid  is  added.  Two  or  three 
gms.  of  tartaric  acid  are  introduced,  and  the  solution  diluted  to  a 
volume  of  300  c.c.  It  is  then  carefully  tested  to  see  whether  enough 
tartaric  acid  is  present  to  prevent  any  precipitation  of  iron  when 
the  solution  is  made  alkaline  with  ammonia,  more  tartaric  acid 
being  added  if  iicccssarj'.  The  solution,  which  is  left  slightly  acid, 
is  heated  nearly  to  boiling  and  treated  with  30  c.c.  of  a  1  per 
cent,  alcoholic  solution  of  dimethyl  glyoxime.  The  acid  is 
finally  very  carefully  neutralized  with  ammonia,  leaving  the 
solution  so  that  it  barely  smells  of  this  reagent.  After  allowing 
the  solution  to  stand  for  a  few  minutes,  10  c.c.  more  of  reagent 
are  added  to  see  if  further  precipitation  takes  place  and  the 
treatment  is  repeated  if  necessary.  The  solution  is  allowed 
to  stand  in  a  warm  place  for  an  hour  and  it  is  then  allowed  to 
cool  for  about  half  an  hour.     Finally  the  solution  is  filtered  through 

*  O.  BruQck,  Stahl  imd  Eisen,  2S,  331 
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The  author  has  al^o  tcstcii  ami  found  fiatUfactory  the  method 
of  Ilinaky  and  Kiiorre;*  hut  it  seems  to  have  no  advantages  over 
the  above-described  proopilureK. 

Recently  Rosenheim  ami  Huhlrtehinaky  f  have  applied  Vogel's 
qualitative  t««t  for  cobalt  (cf.  Vol.  I,  under  Cobalt)  to  tlie  quanti- 
tative separation  of  this  metal  from  ni(;kcl,  and  have  obtained 
esculent  results. 

Separation  of  Nickel  from  Zinc.     Method  of  Tscbugaeff-Brunck-t 

The  Holulion  i»  treated  with  ammonium  chloride,  and  enough 
ammonia  to  make  it  slightly  ammoniacal;  no  precipitate  wilt  l»e 
formed  if  sufficient  anunonium  chloride  has  licen  atldo<l.  The 
•olution  is  then  ju.st  acidified  with  hydrochloric  Acid,  heated  to 
boiling  and  the  nickel  precipitated  with  an  alcoholic  I  per  cent, 
dimethyl  glyoximc  solution  exactly  as  outlined  on  p.  129. 

In  the  Sltratc,  it  Ls  bast  to  precipitate  the  zinc  aa  sulphide 
by  acidifying  with  acetic  add  and  saturating  the  hot  solution 
with  hydrogen  sulphide  (cf.  p.  14.5), 

Remark. — When  considerable  zinc  is  present  it  w  necessary  to 
add  more  dinielhyl  glyoximc  to  pitjcipltate  Lhc  nickel. 

Separation  of  Nickel  from  Manganese.     Method  of  Tschugaeff- 

Brunck.^ 

The  analyKLS  in  carried  out  cxai'itly  tm  dchcribed  above  with 
the  only  difference  that  the  final  precipitation  takes  place  in  on 
acetic  acid  solution.  The  greater  part  of  any  mineral  acid 
proBont  b  neutralizetl  (carefully  with  ammonia,  the  barely  acid 
Btdution  ia  tn;atod  with  1  per  rent,  dimethyl  glyoximc  Holution 
and  then,  after  the  precipitate  has  formed,  sodium  acetate  in 
ailded  and  the  aoalysii?  conttnued  »ccordirig  to  p.  120.  If  the 
alkali  acetate  in  added  liefon;  the  dimethyl  glyoximc,  a  very 
voluminous  precipitate  is  formed  which,  to  be  sure,  can  be  filtered 

•  Beriehte,  18.  609. 

t  Ibid.,  U.  2050. 

X  Z.  angsw.  Chun..  1M>7. 1»U». 
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METALS   OF   GROUP   11. 

HEnCURY,  LEAD.  BISMUTH,  COPPKU,  CADMITTM,  ARSENTC. 
AKIIMONY,  TliV  (PLATIXL-'M.  GOLD,  SELENIUM,  TELLURlUlt, 
MOLYBDENUM,  GERMANIUM,  TUNGSTEN,  AND  VANADIUBi), 

A.    SULPHO-BASES. 
MERCURY,  LEAD,  BISMITTH,  COPrER,  CADMIUM. 

Mercury,  Hg.    At.  Wt.  200.6. 

Fornis:  HgS,  Hg,CI„  ami  Hg. 

Determination  as  Sulphide. 

(a)  By  Precipitation  with  Hydrogen  Sttlphide. 

The  solution  containing  no  oxidizing  substances  CFeClj,  Q, 
much  HNO„  etc.)  and  the  mercnrj'  fntirely  as  mercuric  salt  ii 
Baturated  with  hydrogen  siilphidc  in  tho  cold,  the  precipitate 
allowed  to  sqXHq,  filtered  through  a  Gooch  crucible,  washed  with 
cold  water,  dried  at  lOS^-llO**  C.  and  weighed. 

Jiemark. — This  method  affords  excellent  results  and  should  be 
U8cd  whenever  possible.  Unfortunately,  liowever,  it  is  not  always 
applicable,  for  in  raoet  cases  the  solution  to  ha  analysed  contains 
strong  nitric  acid  (obtained  by  the  solution  of  impure  mercuric 
sulphide  in  aqua  regia^  by  the  decomposition  of  organic  mercury 
compounds  bj'  the  method  of  Carius,  or  by  the  oxidation  of  mc  rcurous 
salts).  It  is  not  possible  to  expel  the  excess  of  nitric  acid  by 
evaporating  the  solution  \^-ith  hydrochloric  acid,  because  consider* 
able  amounts  of  mercuric  chloride  are  thereby  volatilized  with 
the  escaping  steam.  Thus  50  c.c.  of  a  mercuric  chloride  solution 
containing  0.5235  gm.  of  the  salt,  treated  with  10  c.c.  of  nitrie 
acid  and  evaporated  on  the  water-bath  6ve  times  almost  todrj-ness, 
with  the  addition  each  time  of  50  c.c.  concentrated  hydrochloric 
acid,  yielded  in  separate  experiments  0.3972  gin.  mercuric  sulphide 
=88.56  per  cent,  and  0.3695  gm,  mercuric  suIphide'=S2.3f>  per 
cent.,  or,  in  other  words,  a  los.s  of  11-17  per  cent.  In  such  a  case  the 
loUowing  procedure  suggested  by  Volhard  should  be  used: 


MTERMMAT/ON  OP  MP.fiCURY  AS  SULPHIDE. 

(&)  By  Precipitaiion  unth  Amnwmtim  Stdphide. 

The  Mid  solution  of  the  mercuric  salt  is  almost  neutralized 
with  pxire  sodium  carbonate  and  ia  treat<Kl  witli  a  slight  excess  of 
foeshly-prepared  ammonimii  sulphide.  Pure  sodium  hydroxide 
solution  (fre«  from  Ag,  AtiO,,  and  SiO,)  is  then  added,  meanwhile 
rotating  the  solution  until  the  dark  liquid  begins  to  lighten,  when 
it  b  heat«d  to  boiling  and  more  sodium  hydroxide  is  added  until 
the  Uqtud  ia  perfectly  clear.    The  solution  now  contains  the  mei* 

cuiy   as  BiJpho-ealt,    Hg<f<;.j^,^'     Aiiiraoniura  nitrate   is   then 

added  and  the  solution  boiled  until  the  auunoma  i^  alniOHt  entirely 
expeDcd,  and  the  prcdjj'itate  is  allowed  to  settle,  which  it  will 
do  much  more  quickly  than  if  it  were  produced  by  hydrogen 
sulphide  directly.  By  means  of  the  boiling  with  aninionium 
nitrate,  the  sulpho^alt  ia  decomposed  according  to  this  equation: 

Hg(SN«),+2NH,N'0,-2NsKO,+  (NH^^+Hg3. 

The  clear  liquid  is  poured  through  a  Gooth  crucible,  and  the 
predphate  washed  by  decantaliun  with  hot  water  until  the 
ireah  Water  no  lunger  reacla  wiih  silver  nitrate  solution,  llie 
precipitate  is  then  transferred  to  the  crucible,  dried  at  llO^C.and 
veiled.  In  case  the  precipitate  contains  free  ewlphur,  it  should 
be  boiled  witli  a  little  80<liuin  sulphite  before  filtering.* 

H.  RauBcheubach  tested  this  method,  analyzing  pure  mercuric 
chloride  vith  llic  addition  of  nitric  acid,  and  cbtained  as  a  mean  of 
two  experiments  73.80  per  cent.  IJg  instead  of  the  tlieoretical  value, 
73.85  per  cent. 

A  still  better  way  of  removing  free  sulphur  from  the  precipitate 
eonsiala  of  extracting  with  carlx>n  histilphide.  In  this  case  the 
mercuric  sulphide,  together  with  the  sulphur,  is  filtered  through 
a  Oooch  crucible,  completely  washed  with  water  and  th<n  three 
times  with  alcohol.  The  crucible  is  now  placed  upon  a  glass 
Uipod  in  a  beaVer  containing  some  carbon  bisnlphide  (Fig.  35)  ;t 

*  Djr  boilinii  with  sodium  sulphite,  the  aulpkur  u  cliang«<l  to  aodiura 
Ihkiwlpluite.  Na^,+S=N«^,0, 

fG.  VoctaiAnn,    Ui-tunKsbvispiole    aus    der   quaotiUiUvcn    cticmucbaa 
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Cold 
^^  H'aler 


the  beaker  Is  supported  over  a  vessel  filled  with  hot  water  and 
ctivered  wilh  a  round-bcttonird  flask  con- 
taining coUl  waur  which  srn'c s  as  a  condenser. 
After  atKiiit  an  hour  the  sulphur  will  be  com- 
pletely extracted.  The  carbon  bisulphiile  is 
removed  from  the  precipitate  by  washing 
dice  with  alcohol  and  once  with  ethtr.  The 
ether  is  tlriven  off  by  gently  wiirniing,  and 
the  predpilutc  then  dried  at  110°  C  and 
weighfd. 

H.  Rauschenbach  analyzed  pure  mercuric 
chloride  by  this  methnd  and  obtained  as  a 
mean  of  eight  ejcperinicnta  73.79  |«:r  ceait. 
Hg  instead  of  73.85  per  cent.,  and  in  the  case 
of  eight  further  extn'riiuents  made  williout 
removing  the  stJjjliur  he  obtaintd  74.17  per 
cent,  instead  of  the  theoretical  value,  73.S4  per  cent. 


a^ CJi 


Fia.  35. 


Determination  of  Mercury  in  Non -Electrolytes. 
If  it  is  ilesired  to  dettrmino  mercury  in  an  orgnnie  non-eleetro- 
lyte,  the  compound  is  decomposed  by  ihe  method  rf  Caring  (see 
Elementarj*  Aniilysts)  by  hctitinff  in  a  closed  tube  with  eoncen- 
trated  nitric  acid,  anil  The  mercury  precipitated  as  sulphide  by  the 
method  of  Volhurd;  or  the  atud  solution  is  treated  with  pure  sodium 
hydroxide  solution  to  alkaline  reaction  and  then  wilh  pure  potas- 
aiiinv  cyanide  until  the  mercuric  o.\ide  has  dissf-ilvcd,  after  whidi 
the  solution  is  saturate<l  with  hyilrogen  sulphide,  amnionium 
acetate  adiled,  the  solution  boiled  nniil  the  anunonia  is  almost 
entirely  exjH'lled,  the  pn-cipilat*  allows  d  t(>  settle,  lillored,  and 
washed  first  with  hot  water,  then  with  hot  dilute  hyi]rorhl<)ric  acid, 
and  fiiuilly  with  water.  Alter  drjing  at  110*  C.  Hie  precipitate  o( 
mercuric  sulphide  is  neighed. 

Determination  as  Mercurous  Chloride. 

For  the  analysis  of  a  solution  containing  a  mercumus  salt,  the 
aolution  is  treated  with  sodium  chloride,  diluted  considerably  with 
water, filtered,  after  (standing  twelve  hours,  through  a  Gooch  cruci- 
ble, dried  at  105''  C,  and  weighed.    If  the  solution  contains  a  mcr- 
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curie  salt,  it  is  firet  rciluccd,  by  the  method  of  II.  Rose,  by  meana 
of  phosphorous  aciil  in  the  presence  of  hydrocliloric  acid. 

Pnxviure. — The  mercury  solution  (-which  nlinost  always  wwi- 
nitric  acid)  is  treated  with  hydrochloric  acid,  diluted  con- 
ei»bly  with  waUr,  an  txccss  of  phfisphnroiis  acid  is  added,  and 
after  standing  for  twelve  hours  the  precipitate  is  filtered  througji 
GoDch  crucible,  dried  at  105*  C,  and  weifihed. 
Rrmark  —The  results  obtained  by  this  method  are  always 
about  0.4  pir  ctni.  too  low,  but  in  npite  of  this  fact  the  method  is 
to  be  rccoiniiK  nded. 

ITie  phuspbcrous  acid  nece8sar>'  for  thin  method  is  obtainrd  by 
the  oxidation  of  phosphorus  in  moist  air  or  by  the  decompositira 
^4d  phoa^horus  trichloride  with  water,  evaporating  the  so'u.ion  t'J 
JVC  the  hydiocUloric  acid  and  dissolving  the  csiduein  water. 

Determination  as  Metal. 

AJnKMt  all  mercuiy  compounds  are  quantitatively  decomposed 
OD  beating  with  lime  according  to  the  equation 

2HgX+2C:aO  =  2C:a.K+2Hg+02. 

The  iodide  alone  is  not  readily  acted  upon. 

To  carry  nut  this  detrraiinalinn,  a  glass  tube  £0  cm.  long  and 

1-5  cm.  wide,  open  at  both  ends,  is  taken  and  in  one  end  an  a.>tbrs- 

Uh  plug  is  placed,  followed  by  S  c:n,  of  pure  lime,  then  an  intimate 

niixlure  of  a  weighed  amount  of  substance  with  lime,  finally  a  layer 

ofUme  30  cm,  long  and  at  the  other  end  uf  the  tube  another  celxa- 

fAug.    After  the  tube  has  been  filled,  the  end  neartst  this  sec- 

[iBod  asbestos  plug  is  dranTi  out  until  it  is  only  4  cm.  wide,  and  is 

!"eo0OecTed  by  mtans  of  rubber  tubing  with  the  empty  narn)wir 

jam  of  a  I'^ligot  tulic.    The  other  wi<ler  tnd  of  the  PeJigot  tube  is 

I'kioecly  filled  wilh  pure  gold-leaf,     llie  ^ass  tube  is  |>laoed  in  a 

pcorabnation-fumace   and   ilium inating-gas  (catbou  dioxitle  is  less 

.  suited)  is  ptsetd  through  it  for  iinlf  an  hour.    The  tube  is  heated* 

at  first  where  the  30  cm.  layer  of  lime  is,  then  the  other  burners  are 

Jilted  oae  after  another  until  finally  ihr  entire  contents  of  the 

tube  is  subjected  to  gentie  ignition.     During  the  wiiol<>  of  ibe  ujx  ra- 

tion  Qluminating-gaa  is  being  passed  through  the  apparatus  at  the 

,nte  of  about  ihrre  bubbles  a  second.    Hie  greater  part  of  the 

^mseury  collects  in  the  lo«-er  empty  end  of  the  P^Ugot  tube  and 
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the  mcrcun,-  vapors  that  arc  carried  fitrtlit  r  amalgamate  with  tho 
gold.  A  small  amount  of  the  mercury  condcns<'s  in  the  drawn-out 
tube.  After  oooUng  the  apparatus  (in  a  current  of  jUuminating-gas) 
the  narrow  part  of  the  tube  is  cut  off  both  sides  of  the  condensed 
mercury  and  weighed.  It  is  then  heated  gently  while  air  \&  passed 
through  it  to  volaiiUze  the  mercury-  and  again  weighed.  The  dif- 
ference in  weight  gives  the  amount  of  mercury  condensed  in  the 
lube.  The  Pi^Hgot  tube  is  usually  moist;  Ary  air  is,  thftrefore,  con- 
ducted Uirough  it  for  some  time,  after  which  it  is  weighrd. 

The  results  obtuinrd  by  this  method  *  are  prrfc-clly  satisfactoiy. 
Winteler  found  in  Ihe  analysis  of  pure  mercuric  chloride  73.81, 
7H.8S,  73.74  per  oent.  instead  of  the  theoretical  value,  73.85  per 
cent. 

Kxperiments  made  attemptuig  to  condense  the  mercurj'  under 
waU'T  invariably  gave  too  low  values  (alMMit  1-2  per  cent.). 

Although  it  is  easy  to  obltiin  good  results  by  this  nietJiod,  it 
can  be  dis]>ensed  with,  for  the  sulphide  method  afTords  just  be 
I'Xact  results  In  much  less  time. 

In  ease  it  is  desired  to  determijic  tile  amoimt  of  mejcurj'  vapor 
present  in  .i  given  space,  it  is  only  necessary  to  aspirate  liir  gas 
through  a  eah'inm-ehloriiile  Uilx"  (illed  with  gold-leaf.  The  gain 
in  weight  of  the  latter  shows  the  amount  of  mcrcurj'  present  lu 
the  gas. 

Electrolytic  Determination  of  Mercury.f 

Mercury  can  bo  deterraine<l  satiafaetorily  by  the  eloctrolysls 
of  acid,  neutral,  or  alkaline  solutions.  The  metal  is  depomtftl  in 
the  form  of  litth;  drops,  which,  when  tho  ([uantity  is  small,  .idhore 
to  the  electrode,  or,  when  Inrger  amounts  are  pi-osent,  the  merrun,- 
may  coUet-t  at  the  bottom  of  the  pliitirniin  dish  used  as  cathode. 
The  use  of  silver-plated  electrodes  is  also  advised. 

The  nlcctrolysia  takes  place  to  advajitage  in  solutions  slightly 
acid  with  nitric  acid. 

*  Finil  [)n)|)oei«il  by  KMinium  and  Marclionil,  J,  jimkl.  Clicm.,  SI,  3S5. 

t  Luck  aw.  Z.  uutil.  Clivm.,  lU,  15  (18dO);  Siujlli  ujl<J  Kuorr,  .\m.  (Ihem. 
J..  8,  'Jtl6;  I-*.  W.  Clarke,  Bor.,  II,  1400  (187S);  Rutlprtl,  Z.  ungeTr.  Chem., 
ISM,  3S8;  atfcawn  and  Ludwig,  Ber.,  19,  32-1  (18S0);  Q.  \forlniauii,  Ber., 
84,  2730  (1S91). 


BLBCTROLYTtC  DBTERMWATIOU  OF  MERCURY. 


173 


PrwtiluTT. — The  iiculral  or  slightly  acid  solution  of  the  mer- 
curotxB  or  mercuric  salt  is  pluced  in  a  beakur.  dilumd  with  wuLer 
Co  loO  ex.,  treated  with  2  or  3  c.c.  of  concenLriitcd  nitric  acid, 
and  plectrolyzcd  with  a  platinum  gauze  cathode  at  the  onJinarj* 
leniperaturc  with  a  current  of  0i)55-C).10  atiiporc.  The  voltage 
under  those  conditions  corresponds  to  3.o-5  volts.  If  the 
dectrolj-sw  ia  started  at  night,  it  will  be  finished  next  morning, 
provided  the  amount  of  mercur>'  docs  not  exceed  1  gm.  Dy  using 
a  current  of  0.6-1  ampere  the  electrolysis  is  finished  at  the 
end  of  two  or  three  hours.  At  the  end  of  the  electrolysis,  the 
metal  is  washed  with  water  n-ithout  interrupting  the  current, 
then  with  alcohol*  and  dried.  The  metal  is  further  dried  by 
touching  it  with  filter  paper,  and  then  placing  it  in  a.  dcsiccatorf 
over  fused  potassium  hydroxide  and  a  small  dish  of  mercury. 
In  this  way  correct  results  arc  obtained.  Drj'ing  at  100*^  and  then 
o\-cr  sulphuric  acid  in  a  desiccator  gives  rise  to  low  results  bccau.so 
the  acifi  absorbs  considerable  mercurj-  vapor. 

During  the  electrolysis  of  mercuric  chloride  J  the  aolution 
often  becomes  turbid  in  consequence  of  the  formation  of  insnlublc 
nkercurous  ctUoride;  this  does  no  harm,  however,  us  the  metal 
n  •ubaequenlly  deposited  on  the  cathode. 

Mercur>'  can  alao  l)e  electrolyzed  from  a  solution  in  potassium 
cyanide  iu  the  preseuce  of  same  caustic  alkali,  and  siiuilarly  from 

*  II  U  uauaHy  ntmUd  that  alcohol  u  not  ta  be  used,  but  with  gtuw 
^tctrodDii  it  tiiK*  no  hami. 

t  PrivKlc  eommunJcation  from  A.  MiolutJ,  cf.  Uorelli,  Revisto  tocniea, 
T,  Part  7  (1905).  Even  at  2(y  the  tcnsiuo  uf  mercury  vapur  ta  conBidonible. 
Il  oaouDU  to  0.00133  mm. 

*  to  the  clwtrnlyMU  of  the  chloride,  it  is  bott«r  to  uw  n  platinum  dieh 
wflh  duil,  unpotiaheti  inner  aurface  (('ki-wpit)  Ixtcjiiut!  tlw-u  any  incminMiM 
cUoriilv  will  cortainly  Iw  rrducwl  to  nioU.1,  which  is  not  nlways  tlip  caas 
with  icauxc  cWtrudefl.  WIiqr  a  disli  ia  uikkI  n»  cathoUc,  tlte  i-luclrotle  b 
wathrd  with  wairr.  vritlKHit  bniaktnii:  tho  currpnt,  liy  pouriag  water  into  it 
frotn  a  waAh-lHiLtlo  while  the  nolulion  in  hcine  tiiphonpd  off.  Aa  mon  aa 
tbn  ammrter  (or  vtdtmelor  used  a»  an  ammclcr)  ntachi-s  the  zero  mark,  the 
waahinK  ia  Eiuthctl.  The  eumnt  ia  then  turned  oFT,  the  water  rar»ruUy 
POUFkI  off,  Iho  nwt  of  it  rvtnuvtH]  l>y  ttnichinK  >t  with  lill«r-paper,  and 
tfan  dectrode  driod  as  abovo  aod  wcigbod.  The  drying  requiiea  Kveral 
bcun 
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a  solution  formed  by  diBsolving  mercuric  sulphide  in  50-60  c.o. 
of  concentrated  sodium  sulph3<le  solution. 

The  great  advantage  of  the  electrolytic  dctemiinotion  of 
mercury  lio3  in  the  fact  that  good  do|>f>3ita  are  obtained  irrespective 
of  the  nature  of  the  acid  rmlical,  or  element,  which  is  combined 
with  mercury. 

LEU).  Pb.     At.  Wt.  2U7.I. 

Forms:  PbO,  PbSO„  PbO,,  aii.l  in  rare  cases  PbCl,,* 

I.  Determination  as  Lead  Oxide,  PbO. 

If  the  lead  ts  present  as  carbonate,  nitrate,  or  peroxide,  it  is 
only  necessar>*  to  ignite  a  \vei^;^led  portion  in  a  porcelain  cnicible 
over  a  small  flame  and  weigh  the  residue.  The  treatment  of  the 
nitrate  requires  cure,  because  on  rapid  ignition  tlie  mass  deci%pi- 
tates. 

2.  Determination  as  Lead  Sulphate,  PbSO«, 

If  the  leail  is  present  in  ftnliitinn  in  the  fnrn^  of  iis  rhinride  nf 
nitrate,  it  is  placed  in  a  porcelain  dish,  an  excess  of  dilute  sulphuric 
acid  isadtlcdt  and  the  mixture  evaporated  on  the  wattr-hath  as 
far  as  possible,  tlien  over  a  free  flame  uniil  dense  white  fumes  of 
sulphuric  acid  arc  evolved,  and  ftfter\vard»  allowed  to  cool.  A  little 
water  is  added,  the  mixture  stirred,  allowed  to  stand  seme  hours, 
filtered  through  n.  (Jooch  crucible,  washed  at  first  with  4  per  cent, 
sulphuric  acid,  then  with  aicuhol,  and  dried  at  KWC.  Thodriwl 
precipitate  is  placed  in  &  larger  porcelain  crucible  provided  with 
an  asUrslos  ring,  and  ignited  over  the  full  flame  of  a  Tpchi  bunur. 

If  it  is  desired  to  use  an  ordiiiaiy  filtir,  the  precipitate  JK  finally 
WDshcd  with  alcohol  until  the  wash  liquid  no  longer  gives  the  sul- 
phuric acid  reaction,  dried,  as  mueh  of  it  as  possible  is  trausfirred 
to  a  weighed  [rorci-lain  crueibli-,  the  filler  ignitid  in  a  platinum 
spiral  (p.  22),  and  the  ash  added  to  the  contents  of  the  crucible. 
By  means  of  the  rt-dueing  action  of  (he  burning  filter,  some  of  the 
lead  suipliute  adhering  to  it  is  always  reduced  to  loail,  whicli  must 

*  S«c  Analyxia  uf  VunAdinitc, 

t  Tlie  :u>hiLiaii  nt  tbo  Uuiu  uf  filtcriiin  sboulil  conitain  about  £  per  cvot 
oi  free  suLphiuic  acid. 
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chanetd  bock  lo  sulphate  1)crorc  weighing.  For  this  purpose 
tlie  prtripiiiiU?  ill  lliL-  fnicibh;  iii  iiitibtU  ncd  wiili  dUutt^t  nitric  acirl, 
cvap»r«lcil  on  the  w*at(>r-b&ih  to  dQ'atss,  a  few  drops  of  concen- 
trated stitphiitic  arid  adiUd  and  the  cnicibit;  hratid  ovtr  a  ftxre 
flainr  until  uo  more  funics  are  givtD  off,  \\\n  D  it  is  g(-ntly  igaittd  and 
Weighed. 

In  case  the  lead  is  nriginally  pn-stnt  aa  acetate,  the  Bolution 
treated  with  an  excess  of  dihjtc  sitlpliuric  acid  and  tuici;  ita 
volume  of  alcohol,  filtered  afttT  standing  some  hours,  and  tho 
pttripilatc  of  lead  sulphate  treat^^d  exactly  as  dtscribtd  above. 

In  ordir  lo  determine  the  amount  of  lead  present  in  orsanic 

enrnpounda,  the  subafanoe  e^n  be  p]ae<Kl  in  a  large  porcelain  crunblc, 

Ireated  with  an  excess  of  concentrated  sulphuric  acid,  end  viry 

Inutioualy  heated  in  tlic  covered  crucible  ovtr  a  free  flaii.o  until 

|lhe  sulphuric  acid  b  completely  expelled.    ITie  crucible  is  then 

oily  i^itcd,  and  if  ihe  nsidue  is  white  it  is  ready  to  be  weiehe<i; 

ihirwine  more  sulphuric  acid  is  odded  and  the  process  repeated 

OQUl  finally  a  white  residue  is  ublatntd. 

In  caae  the  organic  lead  compound  is  soluble  in  water,  it  is 

^pnrffniblc  to  first  precipitate  tbe  lead  by  means  of  hydrogen 

ipai_o  and  then  tranaform  Uk;  prcvipilate  into  sulphate.     For 

lis  purpose,  as  much  as  posinihle  of  the  waxhed  and  drinl  prc- 

leipitate  is  placed  upon  a  waleli  glase,  tiic  filter  and   remainder 

the  precipitate  arc  heated  in  a  large  porcelain  crucible,  which  is 

ipponed  in  an  inclined  po«itinn,  and  heated  carefully  over  a 

flame  until  tlic  hltcr-papci  is  completely  conitumeel.    The 

part  of  tho  precipitate  is  added  to  the  crufible  wliich  is 

covered  with  a  watch  glass  and  treated  with  concentrated 

nitric  acid  at  the  temperature  of  the  water-bath.     When  the 

iraction  is  over,  the  treatment  with  fuming  nitric  acid  is 

itoii  until  the  contents  of  the  crucible  are  pure  white  in 

The  watcb-gJMB  is  then  removed,  five  or  ten  drops  of 

dilate  sttlphuric  acid  are  addod,  the  liquid  is  evaporated  as  far 

poanblc  on  the  water-bath,  the  excess  of  sulphuric  arid  '»  re- 

by  heating  on  the  air-bath  (cf.  Fig.  1 1,  p.  21)  and  the  lead 

sulphate  is  weighed.     Should   the  precipitate  be  dark   colored 

r  tho  ignition,  it  is  moistened  with  concentrated  sulphurio 

and  the  exccas  of  acid  again  expelled. 
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If  the  lead  iH  present  in  an  organic  rompmind  wSJch  is  not 
capable  of  di.isoriation,  the  compnuml  shmihi  ho  decomposed  in  a 
closed  tube  with  strong  nitric  acid  accordiTig  to  the  method  of 
Cariii-s  (see  page  28"),  finally  washing  out  the  eontrnts  of  the  tube, 
adding  sulphuric  add,  and  treating  the  precipitate  as  above  de- 
Bcribcfl. 


Separation  of  Lead  Sulphate  from  Barium  Sulphate  and  Silicic 

Acid. 

In  thfi  analysis  of  rfiilphidi?  on-s  conliiininp;  Inad,  it  Ih  c Urttomary 
to  disfiolvi"  tlu!  Iliiflj'  powilrrnd  orn  in  niirir  aciil,  or  aipia  ri-gJa, 
and  to  remove  the;  volatile  aciils  hy  evajxiration  with  sulphuric 
acid,  eventually  healing  over  the  fn^c  (iiune  until  fumes  of  8ul- 
phuric  acid  come  nIT  tbirkly.  The  milphurie  acid  should  bo  diUited 
with  an  equal  vohime  of  water  hefare  adding  it  to  the  original 
solution;  usually  Ti  c.c.  of  the  diluted  acid  is  sufficient.  After  the 
evaporation  the  moist  residue  is  allowed  to  cool,  then  water  is 
added  and  the  precipitate  filtered  and  washed  with  1  per  cent 
sulphuric  acid.  The  precipitate  contains  nil  the  lead  as  sulphate 
hut  often  contains  silioa  and  harium  sulphate  (also  strontium 
sulphate  and  j^ometimea  caleium  sulphate).  It  is  purified  by 
redissolving  the  lead  in  hot  ammonium  acetate  solution  (made  by 
neutralizing  arctic  acid,  sp.  gr.  l.Ot,  with  ammonia,  sp,  gr.  0.96, 
and  leaving  the  mixture  bai-elyannnoniacal).  When  the  precip- 
itate is  large  tn  amount  it  is  best  to  wiwh  it  into  ii  bunker  or  flaak 
and  heat  it  with  about  20  c.e.  of  the  aninioniuni  acetate  solution 
(or  enough  to  dissolve  all  the  lead  sulphate),  then  filter  through 
the  original  ^\\\vv  and  wash  with  hot  ammonium  acetate  solution, 
and  finally  with  hot  water  until  the  Pdtrate  gives  no  blackening 
with  ammonium  sulphide.  Saiull  amounts  of  lead  sulphate  arc 
diKsulved  on  the  filter.  The  silica  and  barium  sulphate  will  all 
remain  behind. 

In  order  to  obtain  lead  from  the  acetate  solution,  it  is  precip- 
itated as  sulphide  by  hydrogen  sulphide,  and  Iran.sf armed,  after 
drj'ing,  into  sulphate  as  described  on  page  175. 

Or,  the  ammonium  acetate  solution  may  be  treated  with  10  c.c. 
of  50  per  cent,  sulphuric  acid,  the  acetic  acid  removed  by  evap- 
oiation,  the  residue  allowed  to  cool,  diluted  with  water,  and  the 
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lead  sulphate  filtered  into  a  Gooch  crucible,  washed  witli  dilute 
fulphuric  acid,  heated  in  an  air  bath  and  weighed. 

If  the  amount  of  ammonium  acetate  solution  used  is  not  too 
large,  the  lead  may  be  precipitated  by  adding  enough  sulphuric 
arid  to  the  acetate  solution  to  make  the  solution  contain  from 
5-10  per  cent,  sulphuric  acid.  Sometimes  the  precipitate  is  not 
pure  lead  sulphate,  in  which  case  it  should  be  redissolved  ia 
,|Unmoiuuin  acetate  and  the  precipitatiou  us  sulphate  repeated. 

3.  Slectrolytic  Detenniiution  of  Lead  as  Peroxide  (PbOz). 

Many  neutral  tsolutioua  of  complex  lead  salts,  a  neutral  solu- 
tion of  lead  acetate,  alao  alkaline  lead  solutions  yield  deposits  of 
iDctii&ic  lead  on  the  cathode  when  subjected  to  electrolysis;  but 
U-ad  ia  never  determined  this  way;  partly  because  of  the  round- 
about process  neiressar^',  and  partly  on  account  of  the  fact  that 
the  deposited  lead  is  oxidixej  &o  readily.  If  a  neutral  or  slightly 
acid  (nitric  acid)  solution  of  lead  nitrate  ia  electrolysed,  the 
lead  is  dcpositeil  partly  as  metal  upon  the  cathode  and  partly  as 
Ixown  pr/oxide  on  the  anode.  If.  however,  the  solution  contains 
nfficient  free  nitric  acid,  il  in  easily  {Kisi^tble  to  deposit  the  lead 
quantitatively  upon  the  anode  as  6rnily-adhering  lead  peroxide. 

ProfMurc. — ^Thc  solution  of  lead  nitrate,  containing  not  more 
fituin  UJ>  gm.  lead,  U  ptareil  in  a  platinum  dish  whose  inner  sur- 
face is  unpoli-died  (as  recommended  by  Claascn),  20-30  c.c.  of 
pure  nitric  acid,  fip.  gr.  1.4,  arc  a<ldcd,  the  solution  is  diluted  to 
150-200  c.c.  and  olectrolyzed  in  the  cold  with  a  weak  current  of 
about  0.5-1  ampere  and  2  -2.o  volts.  When  the  electrolysis  is 
carried  out  in  tho  cold,  all  the  leatl  will  be  deposited  as  the  peroxide 
at  the  au\  of  two  hours  and  a  half  or  three  hourH.  Only  an  hour 
or  an  hour  and  a  half  u  rcquirc<I  if  the  temperature  of  tho  cell 
is  kept  at  .W-fiO*.  If  it  w  desired  to  let  the  electrolysis  run  over 
night,  a  current  of  0.05  ampere  If  sufficient. 

A  soitobls  arrangement  of  the  electrolvtic  apparatus  l4  shown 
in  Fig.  36,  hut  the  dish  should  ser\'e  as  anode  and  the  platinum 
spiral  aa  cathode.  The  resistance  11' Is  made  by  taking  aljout 
10  m.  of  nirkel  wire  of  about  0.5  mm.  diameter,  fastening  it  to  a 
board  as  shown  in  the  drawing  and  eormeeting  tho  wires  in  paira 
by  means  of  a  hraas  h<Mik,  of  which  only  one  is  shown  ia  the 
sketch.    By  suitably  moving  tlicso  hooks  it  is  possible  to  vary 
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the  rcBistance  at  will,  Irstcra<l  of  this  arrangement,  thai  shown 
in  Fig.  ;il,  p.  J32,  may  be  U8?d;  such  an  apjmrntus  is  more 
convenient  but  nlso  more  cxpctisivc.  At  the  end  of  the  elec- 
trolysis, whit'h  IB  shown  l>y  the  fact  that  dilution  with  a  little 
water  so  ns  to  expose  a  frcsli  .surfanc  of  platinum  cnuaca  no  yel- 
lowish-brown coating  to  appear  at  the  end  of  half  an  hour,  the 
diHh  is  washed  without  breaking  the  (nirrcnt.  This  is  aecom- 
plishcd  by  introducing  distilled  water  while  the  solution  is  Iwing 
siphoned  off.     It  iu  important  in  this  operation  to  keep  the  deposit 
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of  lead  peroxide  complel/^'ly  covered  with  hquid.  When  the 
aohition  that  is  being  siphonerl  off  no  longer  reacts  acid,  or  at 
least  only  barely  aeid,  the  wiwhing  in  complete  and  the  eireuit  can 
he  broken.  The  dwh  is  finally  washed  once  more  with  diaitlled 
water,  dricnl  at  ISO*  C,  and  weighed.  The  rrsiilta  obtaine<l  an. 
alwfl>-s  slightly  high  on  account  of  the  lead  peroxide  not  being 
completely  anhydrous  when  dried  at  this  temperature,  bo  that  it 
seems  to  the  author  to  be  advisable  to  gently  ignite  the  dish 
before  weighing,  thereby  readily  converting  the  peroxide  into 
lead  oxide.*  The  results  obtained  in  the  author's  laboratory 
leave  notliing  to  !»  desired. 


•Ct.  W.  U.  Hay.  Z.  analyt.  Chcra.,  U,  317  (1875). 


ResuUa. — (a)  10  c.c.  VaA  nitrate  solution  conlaininE  0.0631 
pn.  lead  yielded  deposits  of  PbO,  weighing  0.0734,  0.0731,  0.0736, 
0.0733  gm. ;  mean  0.07332  corresponding  to  0.0635  gm.  lead.  Mta 
ignition  the  lend  monoxide  formed  weired  rrspertiveiy  0.0679, 
0.0G7H,  0.0679.  0.06S1;  mean  0.0679  gm.  corresponding  to  0.0630 
fantead  of  0.0631  gni.  knd. 

(6)  10  c.c.  of  a  lead  nitrate  soltilinn  containing  0.1S9S  gm. 
Wad  yielded  dep<wits  of  IMiO,  weighing  0.2'202,  02200,  0.2203, 
U.2202;  mean  0.22(^  coiresponding  to  0.1907  gm.  lead.  After 
ignition  the  weights  of  lead  oxide  <ibtained  were  0.3O42,  0.2016, 
0.20*3.  0.2<HI;  mean  0.2U4t,  eorreaponding  lo  0.1S07  gm.  Pit 
instvad  of  0.1S9S  gm.  These  experiments  were  performed  byU. 
StoffeL 

Remark. — By  employing  a  stronger  current  and  keeping  the 
solutJoD  warm  during  the  electrolysis,  iho  deposition  is  complete 
ia  mucb  leas  tinte,  but  according  to  the  author's  exjwrience  the 
remilta  obtained  arc  not  so  ttatixfactor)'.  By  rotating  one  of  the 
dectrotkit  and  using  a  utronger  current,  the  deposition  can  he  made 
to  take  place  in  a  nhort  time.  If  a  little  load  deposits  on  the 
cathode,  this  is  remedied  by  stopping  the  current  for  a  short  time, 
tuwanl  the  end  of  the  electrolyiuu. 

Besides  the  above-mentioned  forms,  lead  is  also  determine  1 
as  the  chromate  and  oa  the  chluride.  'Die  latt«r  method  \a 
•omettmee  uaed  in  the  analysis  of  l>euring  metal,  cf.  p.2G2. 


BlSMtTTH.  Hi.    At.  Wt.  208.0. 
Forms:  BijO},  BijSj,  Hi. 
z.  DeternUoation  as  Bismuth  Oxide,  Bi^O,. 

8oUd  bismuth  nitrat*  or  cirbonatc  w  readily  changed  to  the 
oxklc  b>'  gentle  ignition.  \S'hen  bismuth,  linwevcr,  ts  present  in 
miitUum  Hit  x.\w  nitrate,  it  should  1«e  6mt  precipitated  as  the  bnsic 
carbonate  and  tJiis  <^anged  by  ignition  to  the  oxide. 

/>»cerfurc.— The  solution  is  diluted  T^nth  wattr  (if  a  turbiditv 
ctMU'-x  it  tnakvs  no  difTijrenee)  a  slight  cxciss  cf  ammonium 
carbonate  b  added,  and  after  healing  to  boiling  the  preci*'ita*3 
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is  filtered  off.  wasted  wUhhot  water,  dried,  ignited,*  and  weighed 
as  BLjOj.  If  the  Bgliition  from  which  the  bismuth  is  to  bv  pre- 
cipitated contaiiia  besides  nitric  acid  other  acids  CHCl,H,SO,je<c), 
the  jirec-ipitate  produced  by  aninioiiium  carbonate  always  con- 
tains basic  salts  of  these  acids  w!iich  cannot  be  converteti  to  the 
oxide  by  igtiiiion.  In  this  case,  which  is  most  frequent  in  analysis, 
the  bismuth  should  be  determined  according  to  one  of  the  foUoir> 
ing  methods. 

3.  Determination  as  Sulphide,  Bi,S,. 

The  slightly  acid  solution  is  satxu-atcd  ^vith  hydrogen  sulphide, 
filtered  through  a  Gooch  crucible  (or  a  filler  that  has  been  dried 
at  100*  C.  and  weighed),  washed  witli  hydrogm  srilpiiide  water, 
tht-nwilh  ak"  hoi  to  remove  the  water, and  afknvards  with  freshly- 
distilled  carbnn  bisulphide  t  to  remove  any  sulphur  that -nay  be 
mixed  with  the  precipitate. 

Tlio  washing  wiih  carbon  bisulphide  is  continued  until  a  few 
drops  of  Ihc  filtrate  leave  no  residue  on  being  e^'aporatrd  to  dry- 
ness on  a  w;itch-glass.  The  precipitate  is  then  washed  with 
alcohol  to  remove  the  carbon  bisulphide  and  finally  with  ether, 
dried  at  100^  C,  and  weighed  as  Bi^Sg. 

The  <listil]:itioti  of  the  carbon  bisulphide  should  be  [jcrformed 
as  follows:  Ordinary"  contmercitil  carbon  bisulphide  is  placed  la 
a  long-necked,  round -bottonu-d  flask,  provided  with  a  closely  Bt* 
ting  cork  (not  rublx'r)  stupiMT  which  is  bored  once.  Through  the 
hole  in  the  cork  is  placed  a  glass  tube  bent  twice  at  right  angles, 
whose  ftirther  end  leads  inOj  a  dry  fiusk  (without  using  a  stopper 
for  this  rea'iv*}r).  Two  larpe  beakers  are  pbcod  upon  the  tahlej 
one  fillcil  with  water  at  about  60-70*'  C.  and  the  other  with  cold 
water.  If  the  flask  containing  the  carbon  bisulphide  is  placed 
in  tlic  Ijeakor  containing  the  warm  water^  and  thn  other  fl;mk  in  the 
beaker  of  eiild  water,  the  CBrbnn  bisidphide  will  distil  rapidly  from 
one  flask  to  tlie  other.    Care  nnist  be  taJccn  during  this  operation 

•  If  the  precipitate  ih  largtr  iu  anutunt,  Um  greater  pan  is  plucrd  on  it 
watcli-gliiss,  Uie  runiairMlw  iidlnrritig  to  tb«  filter  ia  di^^ulvvd  in  tot,  dilute 
nitric  acid,  tbc  solutiun  vvaporated  to  dryness  in  u  weighed  platinum  dish, 
and  thi-  rnuiii  portion  of  ih«  pntcjj'iiaie  ndde.1  Thp  diah  and  iUconienU 
are  bested  nt  SthI  gently  but  linaUy  over  the  full  6ftm«  of  a  [Junaen  Ijutimt, 

i  Ab  deaeribed  on  p.  1511  or  on  p.  223. 
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that  ihtrr  Is  no  lighted  gn&bumcr  in  the  immcKlmto  Wclnlty,  for 
othemiM-  ihcrc  is  danger  of  ibc  vupura  of  carbuu  bisulphide  laking 
fiw. 

3.  Determination  as  Metal.     Method  of  H.  Rose.* 

The  bismuth  is  first  precipitatinl  as  basic  carbonate  as  dt<scril>ed 
imdrr  1 ,  and  the  dried  precipitate,  together  with  the  ash  of  tlic  filter, 
is  phiced  in  a  porcelain  crucible  ami  ignited  gently.  Five  times 
as  much  of  98  per  cent,  potassium  cyanide  is  added  to  the  con' 
tents  of  the  crucible  and  the  nibcture  is  fused,  ivfatfrcby  the  oxide 
and  bsrnc  sail  are  changed  to  metallic  bismuth: 

Bi,0,+ 3KCN  -  3KCN0 + BI, 
2BiOa  +  4KCN  -  2Kf  aJO  f  2Ka  +  (CX), + Bi,. 

Since  biOTiuth  melts  at  SeS"  C,  but  Iwils  at  IGOO"  C,  it  ts  posd- 
ble  to  perform  this  operation  n-ith  a  Bunxen  flame  of  about  half  the 
URiftl  hrifcht  without  ninninf*  any  rL^k  of  losing  some  of  the  bismuth 
by  wlaliJiaation.  The  rednctiim  U  usually  complet«  at  the  end  of 
twcoty  roinutco-  After  cooling,  ih«  melt  ia  treated  with  water, 
vfaidi  dieeolTcs  the  salts  and  leaves  the  metallic  bismuth  behind 
in  the  form  of  a  fused  metallic  globule.  Freiiuently,  however,  the 
furion  win  have  looecoed  some  of  the  ^azc  of  the  porcelain  crucible, 
which  win  remain  behind  with  the  bismuth  after  the  treatment 
with  water.  Con9e<|Ufnily  the  nfjueous solution  is  filtered  ihruugh 
a  filter  that  hu  l>ecn  dried  at  100^  C.  and  weighed  with  the  empty 
crucible.  After  washing  first  «iih  water,  then  with  ab«nlut« 
Aloohol  and  ether  anrl  dr>-iiiK  at  100^  C,  the  filter  i.i  again  pUrcd 
in  the  crucible  and  woi^ied.  The  gain  in  weight  represents  the 
amount  of  metallic  biamnth. 

Dismnth  sulphide  can  also  be  reduced  by  potsMium  cyaaidei 
btrt  in  this  case  a  longer  and  stmngvr  heating  is  necesaary. 

4.  Dctenninstion  as  MetaL     Method  of  Vanino  and  Treubert.t 

la  this  mtihod  iht  Insmnth  is  precipiutMl  as  metal  by  means  of 
fannalddhyde  in  alkaline  solutkn.    The  ali^dy  acid  btsmtnh  solo* 

•Pci0.  .\iiA,  IID,  P.4Z&. 
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tion  is  treated  with  fdnnaldeliyile  antl  n  considerable  excess  of  pure 
10  pf  r  cciit.  caustic  sntla  snhitior  and  warnipd  on  the  water-bath  until 
the  liqiiiil  ahnvc  the  prccipitjite  has  become  perfectly  clear;  more  for- 
maldehyde amlcaii-siicsodfisoluf  ion  arc  then  added  and  the  mixture 
heated  over  a  free  flnnie,*  decanted  repeatedly  with  water  to  which 
a  little  aldehyde  has  l)een  addedj  ORain  boiled,  and  by  pressing  with 
a  glass  Tc\\  the  partly  siiong\-,  partly  ptilvertilcnt  precipitate  is  made 
to  c*illect  t«^fjelher.  The  precipitate  is  then  fdlered  throufih  a  fil- 
ter that  has  l)een  previuusly  dried  at  105°  C.  and  weighed,  wasae<t 
with  absolute  alcohol,  <lried  at  lC).'i°  C  and  weighed. 

licmitrk. — Tiesuhs  obtained  in  the  author's  lalwratory  bj*  this 
method  were  as  a  rule  loo  high.  Thus  W.  ITrech  obtained  from 
pure  bismuth  nitrate  solution,  as  a  mean  of  four  experiments,  100.78 
per  cent,  instead  of  KKl  per  cent. 

The  high  results  arc  caused  by  the  difficulty  in  removing 
the  last  traces  of  alkali.  Altsolutely  accurate  results  may  be 
obtained  by  dissolving  the  precipitated  bismuth  in  nitric  nrid, 
precipitating  by  ammonia  and  ammnnium  carbonate  and  Wf  ighing 
£s  the  nxidc^  according  to  (1).  Naturally  this  roundabout  process 
would  only  be  chosen  when  the  bismuth  solution  contained  other 
acids  (Ht'l,  H^(.\,  or  H,PO^;  the  necessity  of  fusing  with  potaa- 
siura  cj"anide  would  then  be  avoided. 

Copper,  Cm.    At.  Wt.  63.57. 

Fonns:  CuO,  Cu,S,  Cu»  Cu,CCRS),, 

I.  Determination  as  Copper  Oxide,  CuO. 
Tfcp  solution,  which  must  Iv  free  from  organic  substanoes  and 
ammonium  salts,  is  healc-d  to  boiling  in  a  porcelmn  dish  and  pure 
caustic  potash  solution  is  ad<lcd,  drop  by  drop,  until  the  precipi- 
tate becomes  dark  brown  and  b  permanent,  wliUc  the  sohitlon 
ilatlf  shows  an  alkaline  reaction  towards  litmus-paper.  After  the 
pweipitate  has  settled,  the  upper  liquid  is  carefully  poured  through 
a  filter  an<l  the  precipitate  washed  by  decantation  with  hot  water 
until  tlie  wash  water  no  longer  ehowa  an  alkaline  reaction,  when  tlie 

*  Frequently,  partiviiUu-ly  tm    long  hojlmg,  the  liquid  bncomvs  colored 
]«llaw  or  brown.     Thia  has  nv  infi ueui-'e  upon  tbo  rceuits. 


OETERMtNATION  OF  COPPER  AS  COPPER  OXIDE. 


prpcipitatc  ia  transfpircd  to  the  filter  and  complet^^Jy  wiwh<vl. 
Usually  a  small  amuunl  of  copper  oxide  adheres  to  the  ]H>rccli:iii 
dish  so  finnly  that  it  can  be  removed  only  by  vigorous  nibbing 
with  ft  f^ass  rod  covered  at  the  end  with  a  piece  of  nihber 
tubing,  and  finally  when  the  precipitate  is  removed  from  llie  dish 
mme  will  then  remain  on  the  rubber.  Conse<[ueiiUy  it  is  letter  to 
proceed  as  follows:  As  miirh  of  the  precipitate  as  p(mj>il)!e  is  removtd 
b>'  a  stream  of  water  from  the  -waah-lwltle,  then  two  dnijw  of  dilute 
nitric  acid  are  added,  and  by  inclining  the  dish  and  rubbing  with 
ihe  l^asa  rod,  the  whole  of  the  precipitate  remaining  on  the  dish  is 
moistened  with  the  acid.  Two  drops  of  the  acid  are  sufficient,  with 
eorrecl  manipulation,  to  dissolve  all  of  the  copper  oxide.  A  small 
fresh  fiher  is  prepared  and  the  dish  is  held  in  an  inclined  poRiliim, 
au  that  the  liquid  remains  near  \\a  lip,  the  siilefl  are  waaheil  once 
with  hot  water  and  the  contents  of  tJic  di.sh  (M-hich  is  wntinually 
maintained  in  this  inclined  position)  are  heated  to  boiling  over  a 
small  flame  and  precipitated  by  the  addition  <hf  caustic  i>'itash, 
dnip  by  drop.  (A  large  excess  of  alkali  is  to  be  avoidc<l  on  account 
of  its  solvent  action  upon  the  precipitate.)  •  The  whole  eontenta 
of  the  dish  are  then  quickly  pfiurcd  through  the  small  filifr  and 
the  di«h  is  immediately  washed  once  with  wat^r.  The  copper  oxide 
ia  now  all  on  the  filler.  The  precipitate  U  wa.shed  with  hot  water, 
bntb  filters  are  dried,  and  the  moKt  of  the  precipitate  tranxfern^) 
to  a  paroelain  crucible,  the  filters  ignited  in  a  platinum  spiral,  and 
Ihe  aah  added  to  the  contents  of  the  crucible.  The  crucible  is  cov- 
ered and  ignited,  at  first  gently,  and  finally  with  the  full  heat  of  the 
Bonaen  burner,  then  weighed.  If  the  procrr^ti  i»  carried  out  care- 
fully, the  results  obtained  are  almost  the  theoretical  valuta  but 
H  a  rule  they  arc  a  trifle  high. 

a.  DeterminatiDn  as  Cuprous  Sulphide,  Cu^ 

The  aalution,  which  contains  for  ever>'  100  c.c.  about  5  c.c.  tA 
coDcentrated  acid  (best  sulphuric  acid),  ia  heateil  to  boiling  and 
fajnlmfl^i  aulphide  is  inimdurtvl  until  the  solution  beci>mefl  cold. 
If  the  ri^t  amount  of  arid  was  present,  tlic  precipitate  settira 
fjuidcly  in  large  fluclu  and  the  upper  liquid  appears   completely 

•(f.  Vrf.L 
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colorless.  Before  filtering,  the  wash  liquid  is  prepared  by  passing 
hydrogen  sulphide  llirouyli  the  tong  tube  of  a  wflsh-botlle  for  nne 
minute,  then  dosmg  the  short  tube  with  a  piece  of  rubber  tubing 
and  shaking  vigrirously.  As  Boon  as  no  more  bubbles  pass  through 
the  liquid,  the  water  is  saturated;  this  takes  about  a  minute  at  the 
moat. 

A  filter  is  now  placed  in  a  funnel  containing  a  platinum  cone, 
the  fuiuiel  is  fitted  to  a  suv lion-bottle  and  the  filtration  is  begun 
at  first  without  using  suction,  taking  can^  that  the  filter  is  con- 
stantly kept  full.  When  all  the  precipitate  is  on  the  filter,  it  is 
washed  with  the  hydrogen  sulphide  w«ter  containing  acetic  acid, 
and,  at  this  point  al^so,  the  filter  must  be  kept  full  of  liquid.  The 
wasliing  is  continued  until  J  o.c.  of  the  filtrate  shows  no  test  for 
mineral  acid.'  The  filter  is  now  for  the  first  time  allowed  to 
drain  completely,  and  it  is  dried  oa  much  as  pos.sible  by  moans 
of  gentle  suction,  then  completely  by  heating  in  the  drying 
closet  at  *J0°- 100°  C. 

^Vs  much  of  the  prw-ipitate  as  possible  Ls  now  transferred  to  a 
weighed  Rose  rrurlble  (of  unglaxeii  porcelain),!  the  filter  is 
burned  In  a  plattnuiii  spiral  aud  the  ludi  allowed  to  fall  at  fintt 
upon  an  unglaxed  crucible  cover,  where  it  is  heated  gently  till  it 
glows,  in  order  to  make  sure  that  it  contains  no  unbumed  car- 
bunac.'ous  matter;  the  aah  is  then  added  to  the  nmin  portion 
of  the  precipitate  ia  the  crucible.  A  little  sulphur  that  has  been 
recrystallized  from  carbon  bisulphide  is  added  to  the  contents 
of  the  ciucible,  tiie  perforated  cover  is  now  placed  on  the  crucible 
(Fig.  37),  a  stream  of  hydrogen  is  passerl  thnjugh  it  (the  wash* 
bottle  shown  contains  concentrated  .sulphuric  acidt).  and  the  cru- 
cible ifl  heated  at  lirat  over  a  small  Ilanie  and  finally  so  that  the 


•Tin;  (e-Ht  for  sulpliuric  acid  iy  mi»d«  wJlIi  btiriiitii  cIilDridu.  Ti>  lv«l  for 
bydrucliluric  acid,  the  soluliun  is  iHiiled  tintil  the  hydnigcii  sulphide  b  ex- 
pelled and  i.i  tlw"!!  trfat«d  with  ralvpr  iiitrnie. 

t  .\  qiiiutx  crucible  ia  more  dcairable,  as  the  tran»rc>nnklioo  of  CuS  into 
Cu^  can  then  lie  wat'^liod. 

J  I(  tlw  hydroHvii  i«  prvpitml  from  nine  and  hydnx-hloric  acid,  the  gaa 
should  \x  pa&H'd  firat  through  water  and  thua  tJirougb  a  wattb-lxAlIc  coa- 
taiiiiug  conccutmtod  sulphuric  neid. 


DETEJtMDtATION  OF  COIVSH  AS  CUPROUS  SULPMDE.        185 

boucm  cf  ifae  entdbfe  gknn  fainUy,  »t  whidi  temperature  Ihe 
eupric  roTphyl»  is  *'h<mgw^  to  cnprooB  so^hide, 

2CoS-Cu^+S. 

Too  stnog  lieatiiig  is  ioadviashle  aeeonlii^  to  Uampe.* 
Vlwn  the  eaeoBB  of  salphnr  bas  been  driven  off  (which  can  be 
tmdSfy  MoerUmed  by  removing  the  co%-er  frf  the  cnicible  and 


Fm.37. 

Ijpding  no  blnv  flftine  to  Iw  prrceptihlc  and  no  odor  of  burning 
sulphur),  the  current  of  hydrogen  is  incrcaaed  so  that  eji^t 
babbles  per  aecood  pafls  through  the  waah-bottle  (at  Brst,  not 
nofe  thwi  four  bubbla  per  second  ahoukl  have  1>een  tlte 
ZBtc)i  and  cbc  flams  it  removed.  The  i-mcnile  is  alloved  to 
cool  in  the  current  of  hydrogen  and  weighed  after  remaining 
in  the  deaircator  for  S/tecn  minutes.  The  cuprous  sulphide 
■hould  be  brownidi  black  or  black,  and  should  show  no  reddish- 
bnnm  stains  (due  to  Cu  or  CUjO);  this  is  the  case  if  the  cur- 
rent of  hydrogen  wai  too  daw  during  the  cooling.     In  this  case 

t  Z.  aiiaL  Cbem .  t&,  465  (18M}. 
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a  little  Bulpllur  must  Iw  mliied  Ui  the  preeipitale  ami  Ihe  process 
repeated. 

Remark. — It  is  evident  that  the  sulphur  used  for  tills  experi- 
ment nhouKl  Icavo  on  igiutinn  no  wTiirlmble  residue.  This  is  why 
tlic  sulphur  ufsc-d  slitvuld  Im!  recr^'titalhzcd  from  earbnii  biKulphidir. 

Tho  reason  why  it  is  neccattary  to  keep  tJic-  funnel  filled  with 
liquiil  during  the  filtration  and  washing  of  the  ciipric  sulphide  is  this: 
If  moist  nipperHiilphidi'  iw  exposcvl  to  thi-  air  it  is  fluirkly  oxidized 
and  tho  hydrogen  sulphide  -wash  water  arte  ujHvn  the  salt  formed  by 
the  oxidation,  (CiiSjOj-CiiSOJ,  and  triinsforma  it  into  colloidal 
cupric  sulphitle,  whieh  forms  a  pscudo-fiolutiun,  passes  through  the 
filter,  and  on  couiing  in  contact  with  the  acid  fillrate  is  coagu* 
Ittted.  If,  however,  the  precipitate  is  not  exposed  to  the  air  during 
the  filtration  there  is  no  oxidation  and  the  filtrate,  remains  clear. 

Instead  of  changing  the  cupric  sulphide  into  cuprous  sulphide, 
it  has  Ix'cn  proposed  to  convert  it  to  oxide  by  ip:nition  in  the 
air  and  weighing  the  cojiper  in  this  form.  If,  however,  the  highest 
degree  of  accuracy  is  desired,  this  shnultl  nut  be  done,  for  the 
ignited  product  alwaj-s  contains  some  sulphate.  When  this 
mclhwl  is  chosen,  the  cupric  sulphide  should  be  heated  in  a  glazed 
porcelain  crucible,  at  first  over  a  small  flame,  so  that  the  maaa 
docs  not  melt,  and  the  heat  gradually  increased  until  finally  a 
bla«t-laiiip  is  used  and  the  copper  weighed  as  CuO.  The  results 
are  about  0.1  [kt  cent,  too  liigli  when  not  more  than  0.2  gm.  of 
precipitnto  is  present.  Holthof*  states  that  copper  oxide  abso- 
lutely fi'cc  from  sulphate  can  be  obtained  if  the  precipitate  Is 
ignited  wet  in  an  inclined  porcelain  crucible; 

3-  Determination  as  Cuprous  Sulphocyanate,  Cuj(CNSj,. 
Method  of  Rivot.t 

The  solution,  slightly  acid  with  aulphunc  or  hydrochloric  aewl 
(oxidizing  agents  umst  not  be  present),  is  treated  with  an  excess 
of  sulphurous  acid,t   after  which  ammonium  sidphocyanate  is 

•  Z.  anal.  Chcra-,  2S,  6«0  (1880). 

t  L'ompt.  TicuA..  3S,  868;  wre  also  R.  G.  van  Name.  Zeit.  f.  anorg.  nw>m.. 
20,  230,  aod  Buiuc,  Zcit.  f.  aiuU.  Chcm.,  17,  53,  anil  30,  122. 

}  IiuU.-iul  ot  HulpliumuH  aciil,  anuiionium  bisulphite  may  be  tiaod.  Tb* 
latter  is  prepared  by  eaturatiiig  uquei.nu  anununia  with  SOj. 
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added  drop  by  drop  with  cunstaikt  dtirring,  whereby  at  first  a 

pi^nish  prpcipilatc  of  cupric  and  cuprous  sulplioryanatt^  is  pre- 

t  cipitated,  which  after  stirring  bccomess  pure  white.    The  precipitate 

|b  allowed  to  settle  completely  (tliis  requires  several  hours);  it  is 

ihen  filtered  and  washed  with  cold  water  until  the  filtrate  show 

i.nly  a  alight  reddish   coluraliun  wlien  ferric   chloride  is  added, 

[ifter  irhich  it  is  washed  several  times  with  20  per  ctot,  alcohol, 

[dried  at  110-120°  C,  and  weighed.     R.  Philipp  found  by  this 

[method  99.95  per  cent,  instead  of  lOD  per  cent,  copper,  as  a  mean 

of  twelve  experiments.    The  cuprou3  sulphocyanato  can  be  dried 

'at  a  temperature  as  high  m  \WP  C,  but  at  180*  C.  it  begins  to 

decompose.    The  Munroc  crucible  can  be  used  to  advantage  in 

Uiis  determination.     The  precipitate  pcrmita  rapid  filtration,  and 

'a  turbid  filtrate  is  never  obtained.     After  the  determination  is 

fintthed,  the  grcat^^r  part  of  Iho  precipitate  U  shaken  out  of  the 

cniciUe,  and  the  rem.iindcr  dissolved  in  hot  nitric  acid. 


4.  Electrolytic  Determination  of  Copper. 

Thin  most  accurate  and  mast  convenit>nt  of  all  merhodafor 
liie  deteniiination  of  copper  was  first  proposed  by  W.  Gibbs  in 
MAX* 

Copper  may  be  de])OBitcd  by  means  of  tlie  electric  current 
from  acid,  alkaline,  ai.d  neutral  i^lutioiis.  but  for  analytical  pui^ 
piMCB  only  the  use  of  at  id  .•solutions  \s  of  importance. 

/Vpcerfure. — ^The  safest  way,  according  to  P.  FOreter,  *  is  to 
deposit  the  copper  from  a  sulphuric  acid  solution.  To  the  neutral 
Boluiiun  containing  the  copper  In  the  form  of  sulphate,  10  c.c. 
o(  twice  normal  sulphuric  acid  are  added,  the  solution  is  diluted  to 
a  volume  of  100  c.c.  anj  electrolysed  with  exactly  two  volts 
potential  at  tl»e  electrodes  and  this  potential  \a  kept  constant 
dunng  tho  electrolysis.  These  conditions  are  fulfilled  by  simply 
connti'iing  the  electrodes  with  the  poles  of  a  single  storage  cell. 
The  electrolysis  requires  at  least  eight  hours  if  done  at  tho  ordi- 
nary temperature,  but  by  keeping  the  solutian  at  70^-80*,  0.2 
gm.  of  copper  is  deposited  in  tK)-^  minutes.     If,  therefore,  it 

•Z.onal.Chem,  f  334. 
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is  desired  to  carrj'  on  the  electrolysia  over  night,  it  is  done  m  the 
cold.  It  is  vcrj'  easy -to  decide  when  the  eleclrotysis  is  finished 
by  adding  a  iittic  water  and  noticing  whether  there  is  any  more 
copper  deposited  upon  the  freshly  exposed  electrode  surface. 
The  cathode  is  tlicn  washed  with  water,  without  breaking;  the 
circuit,  exactly  as  was  describe-d  tmder  the  eleetrolnic  determina- 
tion of  nickel  (p.  136).  Finally,  the  cathode  is  rinsed  with  alcohol, 
dried  by  holding  it  high  above  a  flame,  cooled  in  a  desiccator, 
and  weighed. 

If  theso  directions  are  followed  closely,  the  copper  is  never 
deposited  in  a  spongy  condition.  The  presence  of  Ni,  Co,  Fe, 
Zn  and  Cd  does  not  influence  the  analysis  and  the  copper  may  be 
separated  from  these  elements  by  m^ans  of  suck  an  electrolysis. 

If  the  solution  to  He  analyzed  contains  copper  and  some  of 
the  above-mentioned  base  metals,  it  is  evaporated  to  dryness, 
heated  wilh  a  little  sulphuric  acid  until  dense  fumes  are  evolved, 
cooled,  trejited  with  10  c.c.  of  2  N.  sulphuiic  acid,  diluted  to  100 
c.c.  and  elcctnily^ed  as  described  above. 

If,  however,  only  copper  is  prej^ent  in  the  solution,  it  may 
be  deposited  very  nicely  in  the  following  manner.  The  solution 
should  roiilain  4~r>  p.c.  of  concentrated  nitric  acid  in  HM)  c.c.  If, 
originally,  i^  contained  more  nitric  acid  than  tliis,  it  is  cither 
evaporated  to  dn'ncss  or  neutralized  with  ammonia,  and  then  the 
rec|uircd  ijii.antity  of  nitric  acid  added.  The  solution  is  heated 
to  50'' -0(}^  and  clectrolyzed  with  a  current  of  1  ampere  and  elec- 
trode potential  of  2-2.5  voHs.  The  electrolysis  is  over  at  the 
end  of  two  hours,  when  not  more  than  0.3  gm.  of  copper  Ls  present. 
The  aniilysia  is  finished  as  above  but  there  is  more  danger  of 
traces  of  copper  being  dissolved  wliiJe  the  electrodes  are  being 
removed. 

liemark. — ^The  copper  may  be  deposited  electrolyticaUy  mucU 
more  rapidly  by  the  use  of  a  rotating  electrode  or  any  stirring 
arrangement.  The  use  of  a  gauze  cathode  has  also  been  rec- 
ommended. The  solution  should  uot  be  diluted  too  much,  as 
spongy  deposits  are  obtained  from  very  dilute  solutions  unless 
a  very  weak  current  is  used.  .\s  a  general  rule,  the  more  con- 
centrated the  copper  solution,  the  stronger  the  current  that  can 
be  umL 
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CADMnnff,  Cd.    At.  Wt.  112.4. 
Forma:  Cd,  CdSO,,  CdO. 

X.  Electrolytic  Determination  of  Cadmium. 

Of  all  the  mcthoUs  for  ihc  JrUTniinaiion  of  cadmium  the  cIpctHV 
lytic  method  is  not  only  the  most  convenient,  but  by  far  the  most 
accurate,  and  of  the  many  methods  proposed  that  of  Beitatcin  and 
Jawcin*  can  be  recommended.  From  the  ("xperiencuobtaineil  in  the 
author's  laboratory'  ttic  best  procedure  is  as  follonii:  To  the  wlutiou 
of  the  sulphati<  a  drop  of  phenolphthalein  is  atided  and  tht-n  puro 
caustic  soda  solution  until  a  permanent  red  rolor  is  obtained.  A  ao- 
hitioo  of  dS  per  cent,  potassium  cyanide  is  now  adtlcdwith  constant 
stirring  until  the  precipitate  of  cadmium  hydroxide  prmlucetlbytho 
caustic  soda  has  coiupU- Ivly  dissolved  (an  exwss  of  jwlassjum  cya- 
ludc  should  be  scrupulously  avoided),  the  solution  is  diluted  with 
water  to  100-150  c.c.  and  electrolysed  in  the  cold,  using  a  gauze 
cathode,  for  from  five  to  six  hours  with  a  current  of  0.>-0.7  am|»oro 
and  an  dectromotive  force  of  4.S-5  volts;  at  the  end  of  tliis  lime 
the  current  is  increased  to  from  1-1.2  amperes  and  the  solution 
iaelectrolyxtxl  (or  one  hour  more.  If  these  directions  arc  followed^ 
■0  of  the  eadmium  (if  not  more  than  O.u  gm.  is  present)  will  be 
deposited  as  a  finnly  adhering  dull  deposit  of  almost  silver- 
white  metal.  The  current  is  then  stopped,  the  liquid  is  quickly 
poured  oR  and  the  deposited  metal  washed  first  with  water, 
than  with  alcohol  and  finally  with  ether;  it  is  dried  and 
wei^ied.  Experiments  performed  by  von  Girsewald  gave  fault- 
laai  rasulta. 

After  the  electrolysis  is  fmished,  the  solution  should  alwa>'s 
be  tested  for  cadmium.  For  this  purpose,  it  is  saturated  with 
hjrdrogen  sulphide.  If  much  cadmium  is  present,  a  yellow  pre- 
cqittate  is  obtained,  but  if  ver^*  little,  a  yellow  coloration  results. 
The  latter  is  due  to  the  fonnation  of  colloidal  cadmiiun  sulphide, 
and  the  color  is  so  intense  that  R.  Philip  estimates  the  quantity 
of  cadimum  not  precipitated,  by  comparing  the  shade  with  that 
pnxJuced  in  a  solution  containing  a  known  quantity  of  cadmium 
and  the  same  amounts  of  potassium  cyanide  and  caustic  potash 
as  in  the  solution  tested. 

•  Bericht«,  IS.  146. 


igo 


GRAyiMETRIC  MNMLYSIS, 


iUmark. — If  for  the  electrolysis  r  current  of  0.5  ampere  were 
used,  the  cadmium  will  not  he  all  deposited  at  the  end  of  twelve 
hours;  if,  however,  the  riirrciit  is  increased  at  the  eod,  as  above 
stated,  to  1  ampere,  the  electrolysis  will  be  surely  finiahed  at  six 
to  seven  hours.  To  work  with  the  stronger  current  from  the 
beginning  is  not  to  bo  recommended  unless  a  gause  cathode  is 
U£cd,  or  one  of  the  electrodea  is  rotated,  for  otherwise  the  metal 
is  deposited  in  a  spongy  form  and  on  washing  some  of  it  is  likely 
to  be  tost. 

A  solution  containing  0.4oG8  gm.  Cd.,  3  gm.  KCN,  I  gm.  N'aOH, 
and  diluted  to  125  c.c.  with  water,  can  be  eleetrolyzod  in  fifteen 
minutes'with  a  current  of  5  amperes  and  5.5  volts  If  one  of  the 
electrodes  be  rotated.* 

From  neutral  and  weakly  acid  solutioiv^,  cadmium  can  be 
deposited  electrolytically,  but  not  from  strongly  auid  solutions. 

2.  Determination  as  Cadmium  Sulphate,  CdSO^. 

Next  to  the  eloctrcilytic  method,  the  determination  of  cadmium 
as  the  sulphate  is  the  best.  If  the  cadmium  is  coinbtned  with  a 
volatile  acidj  the  compound  is  treated  in  a  weighed  jMircelain  cru- 
cible with  a  slight  e-xcesa  of  dilute  sulphuric  acid,  the  snUition  cvapo- 
ratc<l  on  the  water-bath  as  far  as  possible,  ami  finally  the  excesa 
of  sulphuric  acid  is  removed  by  heating  in  an  air-bath  (the  cnieihie 
is  placed  in  a  larger  crucible  tliat  is  provi<led  with  an  asbestos  ring).t 
The  heat  is  applied  at  first  slowly,  and  the  temperature  is  raised 
gradually  until  finally  no  more  fumes  of  sulphuric  acid  arc  evolved. 
The  outer  crucible  can  even  be  heated  with  the  full  flatnc  of  a  Teelu 
burner  without  running  any  risk  of  decomposing  the  cadmium  sul- 
phate; it  is,  however,  not  necessary  to  hejit  it  so  strungly.  As  soon 
as  the  fumes  of  sulphurio  actd  cease  to  come  off,  the  operation  is 
ended  and  the  crucible  and  its  contents  are  weighed  after  cooling 
in  a  desiccjitor.  Tlie  cadmium  sulphate  shmild  be  pure  wliile 
and  should  dissolve  in  water  to  faniv  an  absolutely  clear  solulicm. 

If  the  cailmlum  haa  been  precipitator)  from  a  solution  as  the 
BTllfihidp,  the  greater  part  of  the  precipitate  is  placed  in  a  large 
porcelain  crucible,  covered  wi!-h  a  walch-glass,  and  treated  with 
hydrochloric  acid  (1:3)  on  the  water-bath.    After  the  prcci[Mtaie 

*  S««  Kdgar  F.  Stnitli's  Eluctru-Aaalysu). 
t  a  Fig.  11,  p.  27. 
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hw  diwolved  and  the  evolution  of  hydrogen  sulphide  has  ceased, 
tbe  lower  side  of  the  watch-glass  la  washed,  the  crucible  is  placed 
under  tlie  funnel,  and  the  precipitate  which  adhered  to  the  fUteiv 
l>aper  is  dbswived  by  dropping  hot  hydrochloric  acid  (1:3)  upon  it, 
finally  waahitig  the  filler  with  hot  water,  evaporating  the  solution 
tipon  the  water-bath,  and  proceeding  as  above  described. 
The  results  obtained  by  this  method  are  excellent. 

The  Precipitation  of  Cadmium  as  Sulphide. 

The  frequently  rocnmnu-nded  determination  of  cadmium  s£  the 
sulpliidemiast  be  rejected;  it  is  useless.  It  is  not  possible  to  precipi- 
tate pure  cadmium  sulphide  from  acid  solutions  by  nieaus  of  hydro- 
gen sulphide;  the  precipitate  is  always  con  laminated  with  a  btisic 
Bait  (Cd,Cl^-Cd,SO,S,  etc.)  whether  the  prucipitalion  takes  place 
in  c<->Id  or  hot  solutions,  whether  under  atmospheric  pressure  or 
und^r  inrreaaed  pressure  (in  a  pressure-flask),  and  in  fact  the  amount 
of  basic  salt  formed  increases  with  the  amount  of  free  acid  present. 
Rrsults  are  obtained  as  much  as  5  per  cent,  too  high.  FoUenius  • 
Attempted  lo  make  the  method  possible  by  igniting  an  aliquot  part 
of  the  dried  and  weighed  precipitat*^  in  a  stream  of  hydrogen  sul- 
phidp.  If  the  sulphide  was  contaminat^^d  with  sulphate,  ho  sue* 
oeedcd  in  changing  it  all  to  sulphide  and  obtained  results  that  were 
acceptable.  If,  however,  ddorldo  was  present,  a  considerable 
part  was  lost  by  sublimation,  so  that  the  results  obtained  were  too 
low.  It  is,  furthermore,  not  possible  to  ignite  the  cadmium  sul- 
phide with  sulphur  in  a  current  of  hydrogen,  as  was  descril^ 
under  Zinc  and  Copper,  for  cadmium  sulphide  is  so  volatile  that 
aome  of  it  Is  lost. 

On  the  other  hand,  the  nictliod  of  precipitating  the  ciuhnium  as 
sulphide  from  solutions  containing  2  c.c.  of  concentrated  sul- 
phuric aci4)  in  100  c.c.  is  to  be  recommended,  for  by  tliia  means  a 
t  precipitate  is  obtained  which  can  be  rea<hly  filtered  and  which  by 
Bohitton  in  hot  hydrochloric  acid  {1:1)  and  evaporatiun  with  sul- 
phuric acirl  can  be  changed  without  loss  to  the  sulpliate  and  weighed 
aa  such. 
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3.  Determination  as  Cadmium  Oxide,  CdO. 
Cadmium  carbonate  and   cadnuum  nitrate  can  bu  changed  to 

the  oxide  by  strong  ignition. 

The  cadmium  is  precipitated  from  its  solutions  at  the  boiling 
temperature  by  the  addilitm  of  a  slight  excess  of  potassium  car- 
bonate, and  after  standing  for  some  time  on  the  water-bath,  and 
when  the  precipitate  has  completely  settled,  it  is  filtered  off,  washed 
witli  hot  water,  and  dried.  As  much  of  the  dried  precipitate  aa 
possible  is  transferred  to  a  watdi-glass  and  set  aside  for  the  lime 
bein£.  The  filter  is  washed  with  dilute  nitric  acid  to  dissolve 
the  small  amount  of  the  precipitate  which  still  adlieres  to  it  and 
the  eiilution  iij  received  in  a  weiglied  jn^rcelain  crucible  and  evap- 
orated to  (Iryness.  The  main  porilim  of  the  precipitate  ia  now 
added,  and  tlic  crucible  is  ai  first  vnry  gently  heated  by  placing 
the  open  cruciblp  liijili  ahnve  a  small  flame  from  a  Teclu  burner. 
uiuil  the  whole  mass  has  Urcome  a  uniform  brown  throughout 
The  temixrature  is  now  gradually  raised  until  finally  the  full  heat  o{ 
the  burner  is  reached.  It  is  important  ^luring  this  operation  to 
take  care  that  the  inner  (iame-mantlft  does  not  touch  the  cnici- 
ble,  fnr  othen,vise  reducing  gojiea  may  ent<>r  the  crucible  and  reduce 
a  port  of  the  oxide  to  inctallio  cadmium,  which  is  volatile  at  this 
temperature.*  The  csiilnijiun  oxide  is  obtained  as  a  brown 
powder  wliirh  is  Infusible,  inatilublc  in  water,  but  readily  Holublo 
in  dilute  acijs.f 

Remark. — It  is  not  advi.sable  to  precipitate  the  cadmium  by 
means  of  sodium  carbunate  solution,  fur  in  that  case  it  is  difficult 
to  wash  the  precipitate  free  frytu  alkali. 

Separation  of  the  Sulpho-bases  from  the  metals  of 
THE  Preceding  Groups. 

Hydrogen,  elilphide  precipitates  only  the  metals  nf  the  "hydro- 
gen sulphide  group"  from  acid  solutions.  It  is  to  1)0  noted  that 
Kinc  precipitates  with  tbis  group  if  the  solution  is  not  acid  enough; 

♦  If  the  cftdmiiim  carhonalo  i*  filtered  into  a  Munroo  enicihle,  nnd  tgnit«(l 
in  &n  dcctrir  ov^^.  the  tranHformation  takea  plvte  revkdily  wilhout  dmgur 
of  luiy  voliitilixation. 

4  TIiu  nxiJt)  afutr  igiulioQ  U  a  block,  ciy-italliae  puwdw. 
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while  if  the  floliitinn  is  too  acij  lead  nnti  cadmium  nrp  often 
incompletely  precipitaU'd.  A  suitable  coiiceii  I  ration  is  5-7  c.o. 
of  concentrated  bydrocbluriu  acid  to  100  c.o.  of  liquid. 


Example. 

Analysis  of  Brass  CAlloy  of  Copper  and  Zinc  with  Small 
Amounts  of  Lead,  Iron,  and  Nickel). 

About  0.4-0.5  gm.   of  the   alloy^  in  the   form    of   borings,* 
is  dissolved  in  about  20  c.e.  of  nitric  acid,  sp.  gr.  1.2,  in  a  200-c.o. 
lie  which  is  covered  with  a  watch-fciass.    AfUT  the  reaction 
to  slacken,  complete  solution  is  effected  by  warming  on  llie 

rirat«ir-l>ath.    The  solution  is  then  evaporated  to  complete  dryness, 
loistcue*!   with  a  little  nitric  ncid,  dissolveil  in  about  50  c.t.  of 

^bot  water,  and  any  metastannic  acid  present  is  allowwl  to 
settle,  is  filtered  off,  washed  with  hot  wotur,  drietl,  and  the 
tin  determined  according  to  p.  228.      To  the  cold  Dltrate  3   c.c. 

fof  pure,  concentrated  stilphnric  acid  are  addcd^  the  solution  is 
e^'aix>rate<i  on  the  water-balU  ue  far  as  |>o»siblt'.  and  then  heated 
cautioiisl)'  over  a  free  flame  until  dense  white  funics  of  sulpliuriu 
Bcid  are  evolved.  After  cooling  the  residue  is  treated  with  50  c.c. 
uf  water  and  1.5  c.o.  of  alcohol^  stirred  well,  filtered^  washed,  and 
the  lead  sulphate  determined  according  to  p.  174.      The  fillrate 

|1b  evaporated  until  the  alcohol  is  cuinple*^ly  rctnuved,  100  c.c.  of 
water  are  added,  the  sohition  is  heated  to  boiling,  and  hydrojien 
sulphide  is  conducted  into  it  until  it  1>cc<]ines  cold,  when  the  ccjpper 
sulphide  is  61tered  off,  washed  first  wilh  hydrogen  sulphide  water 
containing  in  every  100  c.c.  20  c.c.  of  double- normal  sulphuric  acid 
and  at  the  end  with  5  percent,  acetic  acid,  which  ta  saturated  with 
hydrogen  sulphide,  until  the  iUlrale  give*  no  precipitate  on  being 
treated  with  barium  chloride.  The  copper  ie  determinod,  accord- 
ing to  p.  183.  as  Cu^. 

The  filtrate  from  the  copper  sulphide  is  evaporated  to  a  small 
volume  in  order  to  remove  complrtely  the  excess  of  hydrogen 


*  The  boring  arc  usuAdy  eomewhat  grcaa)'. 
etlar  befon  weigtuog.     C(.  p  330,  foot-iioU>. 


They  should  be  vraahod  nntb 
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sulphide,  the  iron  is  then  oxidizicd  by  the  addition  of  bromine 
water,  precipitated  by  aininonin,  and  filtered.  In  order  to  make 
sure  that  the  precipitate  of  ferric  hydroxide  contains  no  rinc,  it 
!£  dissolved  in  a  little  hydrochloric  acid  and  the  precipitation  with 
wnmonia  is  repeated.  The  filtered  and  washed  precipitate  is 
ignited  in  a  porcelain  crucible  and  weighed  as  ferric  oxide  (cf. 
p.  87). 

The  combined  filtrates  from  the  ferric  hydroxide  are  acidified 
with  a  little  sulphuric  acid,  heated  to  about  50°  C,  and  tUo  zinc 
determined  as  zinc  sulplu'de  according  to  the  "  saltingHiut " 
method  describofl  on  p.  ICO.  For  the  determination  of  nickel, 
the  filtrate  from  the  zinc  sulphide  precipitation  is  boiled  to  expel 
the  hydrogen  sutphiilc  and  the  nickel  determined  as  the  salt  of 
dimethyl  glyoxime  according  to  p.  129. 


Separation  of  the  Sulpbo-bases  froh  Ohe  Ahothek. 

X.  Separation  of  Mercury  from  Lead,  Bismuth,  Copper, 
and  Cadmium. 

Mclknd  nj  Gcrfuird  v.  Rath. 

pTMictpie.— This  separation  is  based  upon  Iho  insolubility  of 
mercuric  sulphide  in  boiling,  dilute  nitric  acid  (sp.  gr.  1.2-1.3) 
and  the  solubiUty  of  the  rcniainiog  sulpliJdcs. 

Procedure. — ^The  solution  (containing  the  mercury  entirely  in 
the  mercuric  form)  is  precipitated  by  means  of  hydrogen  sulphide, 
the  precipitate  filtered  off,  washed  with  hydrogen  sulphide  water, 
transferred  to  a  porcelain  dish  and  boiled  for  a  considerable  length 
of  time  with  nitric  acid  of  the  above  concentration,  then  diluted 
with  a  UtUe  water  and  washed  with  water  containing  nitric  acid. 
The  residue  of  mercuric  sulpliide  thua  obtained  always  contains 
fluljjhur,  and  in  case  considerable  lead  were  present  it  will  also 
contain  lead  sulphate.  It  is,  theri>fure,  dissolved  in  a  little  aqua 
re^,  diluted  with  water,  filtered  from  the  separated  sulphur  and 
lead  sulphate  and  the  mercury  preripiLattd  according  to  the  method 
of  Vulhard,  with  ainmoniuni  sulplude  (ef.  p.  16t>).  If  some  of  the 
lead  sulphate  should  go  into  solution  with  the  mercury  on  trtatin^ 
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wilh  aqua  rc^a,  it  will  Ije  convcrU'tl  by  the  ammnnium  sulphule 
ftU'l  pulassiiuii  livilntxklH  iulci  insoluble  lead  sulphide,  wliik-  the 
santtary  will  bo  in  tlie  furiii  of  its  soluble  sulpliD-srJt.  In  (}u8 
case  the  lead  sulphidu  is  lUU;red  <i(T,  waalicd  with  diliito  pntassium 
hydroxide  solution,  and  the  uiercury  then  precipitated  aa  «ulj)hide, 
as  described  od  p.  109. 

3.  Separatioa  of  Bismuth  from  Lead. 

(a)  Method  of  Lowe* 

Pnnnp/e. — Hismuth  nitrate  is  changed  by  tlic  action  of  water 
into  an  inw)lubl«  basic  salt,  while  lead  nitrate  undcrgo«)  no  such 
transformatiun. 

/Vocrz/iirtr. — Tlie  aulution  of  the  two  metals  ia  nitric  ftcJd  is 
eTaporateJ  on  tho  water-batU  until  it  reaches  a  syru[)y  ctinHist- 
cncy.  water  is  added,  and  after  thorough  stirring  wilh  a  glass 
rod  tbe  eva[mratinn  is  repeated  and  tlic  process  continued  until 
the  addition  of  the  water  fails  to  produce  any  furLlier  turbidity; 
a  sign  that  the  bisiimih  has  been  completely  converted  into  the 
basic  Sill  IJi,(J,N{),()lI,  A  cnl.i  Koluiion  of  aiiunoniuni  niiratc 
(1  NHjNOjiSOO  li,(.))  is  miw  added,  ami  after  aljuiditig  some  Lime, 
with  frequent  stirring,  in  order  to  make  sure  that  the  lead 
nitrate  is  completely  disaolved,  the  snlutioii  is  filtered.  The 
precipitate  is  wiuilied  with  tlie  diUite  amnici'niujii  nitrate  solution 
and  drietl.  As  much  of  it  as  possibh'  Ls  transferred  to  a  weighed 
porcelain  crucible  and  together  with  thf  ash  of  the  filter  is  ignited, t 
•I  firet  gi'Utly,  and  fmally  with  the  full  Ehunc  of  a  Uutiseii  burner. 
It  is  weiglirtl  as  Ui,0^ 

Trtmi  tlie  fUtrate  the  lend  is  precipitated  according  to  p.  174, 
m  sulphate,  and  weighed  as  such.  It  is  less  satisfactory*  to  pre- 
cipitate tliu  lead  as  ttulphidc  and  weigh  it  in  this  form  after 
gcntlQ  bftating  with  sulphur  in  a  Rose  crucible. 

(6)  yfcthnd  of  JanruixcJi.X 

Prinriple.—'Tho  separation  defienils  upi*n  tlie  different  vola- 
tility of  the  two  hro:idd'>s.  Ilisinuth  bruudde  is  fairly  readily 
TolatHe;  hiad  bromide  is  only  dillicultly  so. 

•  J.  pr.  Chrm.,  71.  345  (1858).     CT.  Little  and  Calii-n,  The  Analj/ut.  K.  301. 
tlttfftiU  iKtter  to  proceed  an  in  thedcU-riainiitiuiiaf  cudmiuinoxidc,  p.  102. 
J  Pimlctinehcr  Lcttfudm  dir  Oewiclitaumlyso. 
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procedure. — Tho  solution  of  the  nitrntca  is  evaporated  to  dry- 
nees,  lOQ  c.c.  of  wat^r,  sufficient  hyilrochloria  atid  to  afford  a 
clear  solution,  and  a  few  dmi«  of  fuming  nitric  acid  arc  addoH,* 
artcr  which  hydmgpn  sulphide  i-s  introduced.  Tlic  prt'cipitatrd 
sulpliidcs  arp  iinniedintely  filttred,  the  precipitJite  is  dried  at  100*  C. 
in  a  stream  of  carbon  diojude,  after  which  as  much  tf  the  precipitate 
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ea  possible  is  placed  in  an  agate  mortar  and  the  ash  of  the  61ter  added 
to  it.  The  whole  of  tlie  precipitate  is  ground  fine  and  tnLnsfrrred 
Irithout  loss  to  a  weighed  porcelain  boat,  which  is  then  intrcxiucetl 
into  the  deconii>osilton  tubeflf  (Fig.  ZS),  made  of  difficultly-fusible 
glass.  At  Erst  a  stream  of  dry  carbon  dioxiilo  is  passed  through  the 
apparatus  and  Uiu  substance  is  gently  heated  by  means  of  a  small 
flame,  in  order  to  completely  dry  it.  The  water  condensing  in  tlio 
front  part  of  the  tube  is  driven  over  into  E  by  careful  heating. 

The  bottle  A  containing  bromine  t  is  now  connected  with  the 
api)aratus  and  tlto  stream  of  carbon  dio?ude  is  passed  through 
it;  the  gas,  carrying  bromine  vapors  with  it,  is  passed  through 
tlie  vertical  calcium  chloride  tube  filled  with  pieces  of  calcitc, 

*  By  the  atldittoQ  of  the  fuming  nitric  acid  tlie  prccipitAted  sulphide  is 
contaminated  wiih  coru^iilt^niblfi  sulphur;  such  a  precipitate  ts  more  readily 
deeompojipd  by  tho  action  of  bromine, 

t  In  thix  alotviminnlioD,  iIh-  \mlh  of  the  tulw  is  ujuweenar}-;  it  should  be 
rcplaceii  by  ow  such  aa  ie  shown  in  Fijs,  38,  It.  For  ot!«r  a&Alyscs  H  \» 
bolter  tu  bava  the  bulb. 

X  For  tbia  experiment  the  bromine  used  must  b«  absolutely  free  from 
chlorine  and  is  prfpftrr^i  as  follows;  50-60  c.c.  of  commercial  bromine  are 
tieate>),  in  a  ti)^t1y  atoppered  acparatory  funnel,  with  a  lOpiTomt.  potnfisiutn 
bromide  Eolutioit.  T[il<  fiinui-I  in  xliaki-u  vigorously,  and  tlio  bTomine  n|)a- 
ratod  from  the  aqueous  alkali  solution.  After  washing  two  or  three  timci!  «itb 
water  it  te  ready  for  use. 
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Ihen  through  the  concentrated  sulphuric  acid  contained  in  B,  aftpr 
this  through  the  tube  C  containing  glass  beads  moistcnotl  with 
Bulphurio  acid,  and  finally  throuRh  the  tube  D  filled  »-ith  glass 
vool,  and  from  this  the  dry  brotniiic  vajK>rs  rr-ai-h  the  sub- 
stance. The  latter  is  heated  over  a  small  Hume  (kept  in  ccm- 
stant  motion)  and  llic  yellow  bisinuih  bromide  distils  o(T  and 
condenses  partly  in  the  narrow  part  of  ibe  tulw?  and  partly  in  the 
iioei\-er  K,  which  cunluins  dilute  nitric  aeid  (1  HN'03:2H20).  The 
substance  is  heated  hotter,  whereby  more  bismuth  bromide  is  vola- 
ttlixed,  and  tliis  is  i^^nin  distilled  as  completely  its  possible  into  the 
toodver.  Finally  the  svibslanoe  is  heated  more  atrungly  still,  until 
the  lead  bromide  liegins  to  mett.  When  no  more  of  tlie  yellow 
•ubllmate  is  formeil,  the  decomixtsttion  is  sliown  to  be  complete 
and  the  substance  is  allowed  lo  coni  in  a  stream  of  cartxm  dioxide. 
The  broiTiine  tliat  esca|)e8  from  the  tulx'  A'  is  [«Lssed  into  alcohol 
conicioed  in  the  Ixiaker  F.  When  the  appiiniins  has  Ijccmne  eotd, 
the  brooiine  bottle  la  removed,  and  (lie  hnimine  is  removed  from 
the  apparatus  by  passing  carlxm  dioxide  through  it  for  some 
time.  The  boat  filled  with  lead  bromide  is  then  weighed,  and 
from  the  weight  of  the  I'blifj  that  of  the  lead  Is  computed,  'I'o 
cbftck  this,  tlw  lead  bromide  is  dissolved  in  freshly-prepared 
chlorine  water,  an  excess  of  dilute  sulphuric  acid  is  added,  and 
the  Bkiliition  is  evajwrated  to  remove  the  hydrochloric  acid,  at 
firaS  00  the  water-bath  and  finally  over  a  free  flame  until  dense 
fumes  of  sulphuric  acid  are  evolved. 

After  co'lling,  wutrr  and  alcohol  are  added,  the  precipitate 
filtfved  off  and  the  weight  of  the  lead  sulphate  determined  as 
ik8cn>ie<l  on  p.  174.  Knr  the  bismuth  determination,  the  nitric 
add  solution  <«ntnined  in  K  and  K  is  poured  into  a  beaker,  filtered 
if  neocMtar}-  from  any  sulphur,  evaporated  to  a  small  volume,  and 
the  bismuth  precipitated  by  the  addition  of  ammonium  carl>onatc 
and  detj'rmined  tts  inetui  as  descriljed  on  p.  ISI. 

There  have  been  many  other  methods  proposed  for  the  separa- 
tion of  lead  and  bismuth,*  id!  of  which  are  less  satisfactorj-  than 
the  two  methods  Just  descritted,  so  tJiai  tliey  will  not  be  discussed 
b  this  book. 


•rr.  O.  8l«eD,  Z.  aascw.  ChMn.,  I8i!>5,  p.  530. 
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3.  Separation  of  Bismuth  from  Copper. 

The  solution  is  treated  with  an  excess  of  ammonium  carbonate^ 
warmetl  gcniiy,  and  filtered.  The  precipilate  of  basic  bismuth 
carbonate  almost  alwayH  contjiitis  small  qimtititioa  of  copjHT,  so 
tiiHt  it  is  dissolved  in  nitric  acid  and  the  separation  by  moans  of 
amiiioniuin  carbonate  is  repeated.  Tlie  basic  bismuth  salt  is 
fused  with  ]K>taasium  cyanitle  and  weighed  as  metal,  according 
to  p.   181. 

For  the  copper  determination,  the  two  RItratcs  are  eombinwl, 
evaporated  t"  removi^  the  excoAsof  anjmimium  earljonate,  acidified 
with  sulphuric  acid,  ami  tlio  copper  preiMpitatwl  by  means  of 
hydrogen  sulphide,  boJng  drtiTmined  as  cuprous  sulphide  accord- 
ing to  p.  183,  or  the  sulphuric  acid  solution  is  subjected  to  elec- 
trtilyfiis  as  described  on  p.  1S7. 

Actrording  to  Fresenius  and  Haidlin,  bismuth  can  be  separated 
from  copper  very  nicely  by  means  of  potassium  cyanide.  For 
this  purpose  the  acid  solution  is  precipitated  by  tiie  addition  of  a 
slight  excet<8  of  sodium  carbonate,  potassium  cyanide  is  added. 
and  tlie  solution  warmed  and  filt'Cred.  All  of  tlie  cop|>er  is  found 
in  the  filtrate,  while  the  pnx'ipiUile  contains  bismuth  oxido  con- 
taminated with  alk^di.  Tlie  resldiio  is,  thentfore,  dissolved  in 
nitric  acid,  the  bismuth  prccipitatetl  by  meaiuj  of  ammonium  car- 
bonate and  detennined  as  metal  according  to  p.  IHI.  The 
filtrate  containing  the  copper  is  evaporated  with  nitric  acid,  in 
order  to  destroy  the  cyanide,  and  tlic  copper  dotcrmined  oldctro- 
lytically  according  to  p.  187, 

4.  Separation  of  Lead  from  Copper  by  Means  of  Electrolysis. 

This  sopnratinn  depends  upon  the  fact  that  the  electric  current 
deposits  lead  quantitatively  as  PbDa  upon  tlie  anode  from 
solutions  containing  a  definite  amount  of  nitric  acid,  while 
the  copper  is  either  not  deposited  at  all  under  these  conditions 
or  is  found  upon  the  cathode  to  some  extent.  After  the  lesul  id 
completely  deposited,  the  copper  solution  is  pouretl  into  a  nfjcond 
weighed  platinum  diah,  the  excess  of  the  acid  is  ncutraliiod  with 
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unuKHUft,  imd  the  solution  again  electrolyzed.  The  copper  -n-ill 
now  depoeit  quantitatively  upon  tlie  cathode. 

Procedure. — ^The  solution  of  the  two  nitrates  u  placed  in  a 
platinum  dish  (of  the  form  recommended  by  Classen  with  the 
inner  surface  unpolished)  and  15  c.c.  of  nitric  acid  (sp.  gr.  1.35- 
1.38)  are  added,  after  which  the  solution  is  diluted  to  150  c.c.  and 
eieclrolyMd  at  SO^-GO**  C.  with  a  current  of  1-1,5  amperes  and 
an  electrode  potential  of  1.4  volt*.  ;Vfter  1-1.5  hours  practically 
all  the  lead  will  be  deposited  upon  the  anode  (dish)  in  the  form  of 
a  firmly  adhering,  brown  coating  of  lead  peroxide,  PbO,.  At 
tbc  cathode  (a  plate  electrade)  a  considerable  part  of  the  copper 
will  be  deposited,  but  the  remainder  will  still  be  in  solution.  The 
circuit  is  broken  and  the  solution  poured  as  quickly  aa  possible 
into  a  second  weighed  platinum  dish,  and  the  washings  added 
to  this  dish.  After  washing  the  electrodes  with  water,  the  first 
dish  with  the  PbO,  deposit  is  dried  at  ISO**  and  weighed.  The 
solution  in  the  second  dish  contains  a  little  lead  and  some  copper, 
It  ia  made  slightly  ammuniacal,  4  c.c.  of  concentrated  nitric  acid 
are  added,  and  the  solution  elcctrolyxed  at  &)°.  The  platinum  dish 
now  serves  as  tho  cathode,  while  tho  plato  otectrode  *  serves  aa 
the  anode;  in  case  traces  of  lead  ntmain  in  Holutinn  after  the  first 
dectrol^Toa,  it  will  now  be  dcjMisited.  After  an  hour  or  two 
with  a  current  of  one  ampere  all  the  remaining  copper  and  lead 
will  be  depoditod.  When  the  electrolysis  ia  complete  the  elec- 
trodes arc  waxhed  without  breaking  the  circuit  and  the  weight 
of  Uic  copper  and  PbO,  is  dctenained. 

If  only  small  amounts  of  load  and  copper  are  present,  tho 
eJectrulyats  should  take  place  imder  the  conditions  described  on 
p.  187^  except  in  this  ca«c  a  weighed  plate  electrode  should  bo 
employed  as  tlie  anmle.  Under  these  conditions  the  lead  will  ho 
deposited  as  the  peroxide  upon  the  anode,  while  the  copper  will 
Mparatu  out  upon  the  dish. 

*TIm  pUle  eleetrod«  with  copper  upon  it  waa  weigherl,  cleaned,  aod 
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6.  Separation  of  Lead  from  Copper  and  Cadmium. 

(From  Bismuth  Ifss  satisfactorily.) 

The  solution  of  tho  nitrates  or  cliloridea  is  trnatcd  with  an  excess 
of  sulphuric  acid,  evaporat*;;!  to  remove  the  nitric  or  hvdrocUoric 
acid,  and  tlie  leacl  dut'Cruiiticd  as  aulphatc  m  described  oa  p. 
174. 

6.  Separation  of  Copper  (roni  Cadmium. 

(a)  Melfu}ilo/A.  W.  Ho/niann* 

A.  W.  Ilofmann  states  that  copper  and  eadmium  can  be  aepa- 
ratrd  from  one  iinolher  by  boiling  their  siilphidcs  with  sidphurio 
aci<i  (1:5)  whereby  cadiniuiii  sulphide  is  dissolved  while  wijiper 
sulphide  is  unacted  upr>n.  Hi>rtiiaiin  seeirts  to  have  tpstrd  this 
aeparntioti  only  quali tat ivdy  and  not  (luantitutively,  but  neverthe- 
less this  method  Is  given  in  uU  early  Icxt-ljooks  without  submitting 
any  analyses  to  prove  its  accuracy.  Expcriuients  perfonnetl  in  the 
author's  laboratory  showed  that  in  the  funii  proposed  by  Hofmann 
this  method  cannot  be  URtid  for  tho  quantitative  separation  td 
the  two  metals ;  on  tho  other  hand,  if  it  is  carried  out  according  to 
the  following  modifications,  exeellcnt  resvUts  arc  obtaintxl. 

/'rowdurc— Huflicicnt  sulphuric  acid  is  addeti  to  the  solutioa 
of  the  sulphates  so  that  one  part  of  the  acid  is  contained  in  four 
parts  of  the  solution.  The  latter  is  now  heated  to  boiling,  and 
during  the  boiling  hydrogen  sulphide  is  passed  through  it  for 
twenty  minutes,  after  which  the  solution  is  boiled  for  fifteen 
minutes  longer.  The  solution  ia  filtered  while  hot  through  a 
funnel  kept  filled  with  earlxin  dioxide  and  the  precipitate  is  washed 
with  boiled,  hot  water  to  the  di»ap]>earance  of  the  acid  reaction. 
The  copper  sulphide  thus  obtaine<l  ia  easy  to  filter  and  wash;  it 
however,  always  contains  small  amounts  of  cadmium,  so  that  the 
separation  must  be  repeated.  The  cnp]>(.'r  sulphide  i",  therefore, 
transferred  to  a  porcelain  dish  by  means  of  a  stream  of  water  from 

•  Ann.  d.  Cheia.  und  PImnu.,  115,  28l>. 
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tLe  wash-bottJc,  where  it  is  dissolved  in  nitric  acirl,  the  sohitJan 

irated  to  dryness,  the  dry  mass  trfatod  with  sulphuric  acid 

[1:4)  and  again  evaporated  on  the  ■water-bath  as  far  as  pnsKible 

''to  remove  the  greater  part  of  the  nitric  acid.    After  this,  without 

n*gsrd  to  the  aeparated  sulphur,  (he  muss  is  washed  with  as  little 

water  as  p^^ssible  into  an  Krlcnmeyer  flask,  for  every  0,3-0.5  gra. 

of  copper  about  150-200  c.c.  of  sulphuric  acid  (1:4)  are  added, 

•nd  the  separatiim  l>y  means  of  hydrogen  sulphide  is  repeated 

exactly  as  al«»ve  descrilwtl.     The  pure  copper  sulphide  that  is 

£oaUy  obtaiivd  is  dried  and  ttic  eopi)er  determined  as  cuprous 

IpMde  as  descnlvd  on  p.  1^3,  or  it  ih  dissolved  in  nitric  acid 

id  the  solution  eU'Clrolyz<'d  as  described  on  p.  1S7. 

For  the  cadmium  dt^U^nnination,  hydrogen  sulphide  is  passed 

into  the  cold  fdtrat^^,   the  precipitat^td  cadniinm  sulphide  after 

fing  washed  is  transferrotl  by  means  of  a  spatula  to  a  ivtrcclain 

"dish,  hydrochloric  acid  (1:3)  is  poured  over  it,  the  <ILsh  covered 

with  a  watch-glass  and  iieated  on  the  water-bath  until  the  procipi- 

ite  i»  dissolved  and  until  the  hydrogen  sulphide  is  all  exjielled, 

dish  is  now  placed  under  the  funnel  and  the  cadmimn  sulphide 

rhich  remained  upon  the  filter  is  dissnlvod  by  dropjiing  lutl  hydro- 

frfiloric  acid  (1:3)  upon  it,  finally  washing  the  filter  with  water. 

le  contents  of  the  dbth  are  evaporated  to  dryness,  the  dry  mass 

tdisaolved  in  a  little  sulphuric  acid,  washed  into  a  weighed  porcelain 

crucible,  and  treated  with  1  c.c.  of  eonccntratnl  nitric  acid*  and 

■  little  more  sulphuric  acid.     After  this  the  contents  of  the  crucible 

arc  c\'aporated  as  far  as  possible  upon  the  water-bath,  the  excess  of 

mlphuric  acid  renuivml  by  heating  in  an  air-bath,  and  tlie  cadmium 

determined  as  sulphate  according  to  p.  190. 

The  above  method  was  tested  by  Obercr  iu  the  autlior's  labora- 
tor>'  and  the  following  n-sults  obtained: 


•  Tlw  niiric  acid  !•  added  t\>  oxidize  tlic  fibrea  of  filt«r-pa[>er;    if  tlieae 
vm  not  dc«tnijr«d  thay  will  cauao  a  {loriiiU  rcducUua  of  tU«  uwlmiiun  ml- 
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Amount  lUcwi. 

FciunJ. 

IMIh#eoo«. 

AsiMMl  Found  in 
BarOant.  of  ih* 

TIiailMliCAlVBllM. 

1.    Cu=0  :J]2egm. 

CiI-0.2SO4    "      

0.3130 
0.2506 

gm. 

+  0.0004 

+  0.0002 

100.12 
100. OS 

2.  Cu-o  aiL'e  "    

CJ=0.2504    "      

0.3125 
0,2501 

-0.0001 
-0.0003 

»9.97 

90. SS 

3.    Cii  =  0,3120    "      

Ca-0.2501    "     

0  3134 
0.2490 

+  0.0O0S 
-0.0008 

100  25 
99.68 

4.    Cu=0.3I2C    "     

Cd-0.62fi9    "     

0,3120 
0.6252 

-0.0006 
-0.0007 

99.81 

eo.ss 

6.    Cu=0  3142    "     

Ctl-0.62S0    "     

0-3147 
0.624!j 

+  0.0005 
-O.OOLl 

100.16 
99.83 

6.    nii-0.3142    "     

Cd-0.6259   "     

0.3150 
0.6240 

„ 

+  0.0008 
-0.0019 

100.26 
09.69 

(5)  Method  of  Rivot-Iiose. 

The  copper  18  precipitjitod  a.-*  suIpliocyaniJe  acconling  to  p. 
180,  and  from  the  filtrate  tl\e  ciulmiuni  is  precipitated  as  .sulphide 
by  means  of  hydroKen  sulphide  and  determined  as  sulphate 
acwortting  to  p.  lyO.     The  results  are  good. 

(e)  Method  of  Frcseniux  ami  IlnidJcn. 

(TIlc  PtituaaiuEu  Cjanide  Method.) 

The  nentral  solution  containing  salts  of  both  metals  b  treaied 
with  pot/Ls.'iiiim  cyanide  until  the  precipitate  that  ia  first  formed 
rccIiB.<inl\Ts,  aft«^r  which  more  iwtassiuin  cyanide  i*  added  (about 
thn-e  times  as  mm:h  as  was  neccsnary  for  thir  precipitation  and  so- 
lution of  the  precipitate)  and  cither  ammonium  or  hydrogen  sul- 
phide is  added  to  the  cold  solution.  The  cadmium  is  precipitated 
as  the  yellow  sulphide,  while  the  copper  remaiii.i  in  siilution.  • 

•  The  copper,  however,  rcmainB  cnllrrly  in  solution  only  whpn  morn  than 
enough  potORmum  cyanide  \a  jircAcnt  Uiuri  ir  inquired  to  form  the  n>inp]<>x  sitlt 
KjCiitCN),,  If  the  pure  poLaMilim  ruprocyniiide  ia  dbwolvwl  in  cunstder- 
able  watirr  and  hydn>|(i-ii  sulphide  |KtM»bd  intu  tltn  nolutiun,  thvro  is  a  partial 
prvcipltution  of  Cu^;  the  inoro  diiutv  the  soIuUod,  the  more  tlie  prrcipi- 
tation.  By  tho  addilioci  of  lui  excess  of  potnisium  cyantdv,  tli(>  prrcipitatioo 
ia  prevented.  A  cotd.  ronccntmtod  solution  of  the  aho\-e  salt  ia  not  pfeci{)i' 
tatcd  by  hydrogen  sulphide  (v.  Gireewald,  Zurich,  1902) 
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TTie  cadmium  sii][)hidf  thus  procipitatod  shows  a  grrat  tendency 
of  poHting  through  the  filtor-papcr  even  when  a  "hardrnrd"  fiUoj 
IB  vsai,  so  that  il  is  "salted  out."  A  considerable  amount  of  pure, 
■olid  potassium  chloride  is  stirrrd  into  the  solution,  the  prpcijutata 
ii  allowed  to  stand  overnight,  and  in  the  morning  it  is  filtered 
thitni^  a  Schlfichcr  &  Schiill  "hardened  filter."  The  precipi- 
iMie  is  washed  first  by  dccantation  with  conce^t^at<^d  potassium 
chloride  solution,  it  b  then  transferred  to  the  filter  and  washed 
with  the  same  sohitton.  For  the  cadmium  determination  this 
ppMipitate  cannot  Ix;  ubctI  on  account  of  the  potassium  chloride 
vhich  adheres  to  it,  and  it  is  not  advisnhle  to  wash  the  suit  out 
whh  water,  for  in  this  case  a  turlml  filtrate  will  be  nblained.  It  is, 
therefore,  dissnlved  in  hot  hydrochloric  ncid  (1:3)  fmm  a  w.'ish- 
bottle,  the  solution  is  evaporated  to  drj-ncsH,  the  rc-siiluc  tlisHolvcd 
m  water,  filtered  if  nemwary  fmm  separated  sulphur,  and  for 
ererv  100  e.c.  of  thesoIuti(m  5-7  c.c.  of  coTic^'nirated  fiiil|)huric 
add  are  adiletl,  and  the  cadmium  la  precipitntetl  by  jiassing  hydro- 
gen sulphide  into  the  cold  sohition.  This  time  the  cailniium 
sulplude  is  easily  filti>rcd.  The  cadmium  is  determined  as  sitlphat6 
according  to  p.  11>0. 

The  filtrate  is  evaporated  with  nitric  acid  until  the  odor  of 
hydrocyanic  acid  can  no  lonp;rr  Ix?  <letected,  and  the  copper  is  moflt 
«>n*eniently  determined  according  to  p.  ISJ  a.s  cuprous  sulphide. 

Itfmark. — ^The  results  obtained  by  this  method  arc  good,  but 
MD^derable  time  and  patience  arc  required. 


(d)  By  EleclrolyaU. 

The  experiments  of  U.  Thilipp  In  the  author'a  laboratory'  show 
that  a  very  accurate  sepurutiuti  can  Xm  made,  as  recommended  by 
Xeumann,  by  electrolyzing  the  nitric  acid  solution. 

The  solution,  containing  uut  more  than  0.2  gm.  cadmium,  is 
tnated  with  '1-5  c.c.  of  concentrated  nitric  acid  or  10  c.c.  nitric 
ac'ul  Bp.gr.  1.2,  and  diluted  to  150  c.c.  in  a  platinum  dish.  Tho 
anode,  a  disk  electrode,  is  placed  ko  that  it  only  dips  into  the 
liquid  a  short  way.  Under  these  conditions,  0.2  gm.  of  copper 
ia  deposited  perfectly  free  from  cadmium,  within  12  or  It  houra 
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by  a  current  of  0.2-0.3  ampere  and  a  voltage  of  1.9-2.3  volts, 
with  a  current  of  1  to  1.5  amperes  and  2.5-2.6  volts  electrode 
potential,  the  cadmium  is  deposited  in  about  five  hours.  The 
solution  is  siphoned  off,  while  pure  water  is  poured  into  the  dish 
without  breaking  the  current ;  the  dish  is  finally  rinsed  with  alcohol, 
dried,  and  weighed  with  the  deposited  copper.  The  solution  is 
treated  with  sufficient  sulphuric  acid,  evaporated  to  expel  the 
nitric  acid,  cooled,  diluted  and  the  cadmium  electrolyzed  from 
cyanide  solution  as  described  on  p.  189. 

Reynark. — If  considerably  more  than  0.2  gm.  Cd  is  present  in 
150  c.c.  of  the  solution,  there  is  danger  of  small  amounts  of 
cadmium  separating  out  upon  the  copper  during  the  washing  of 
the  deposit,  especially  when  the  anode  extends  well  into  the 
solution.  This  is  because  the  concentration  of  the  acid  becomes 
less  during  the  washing.  In  analyzing  a  solution  containing  a 
large  amount  of  cadmium  and  small  amount  of  copper,  therefore, 
it  is  best  to  wash  at  first  with  2  per  cent,  nitric  acid  rather  than 
with  distilled  water. 

The  separation  requires  but  a  few  minutes  with  a  rotating 
anode  or  cathode,  and  a  stronger  current. 
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B.  DIVISION  OF  THE  SIXPHO-ACIDS. 

Axsenic,  Antimony,  Tin. 

SELENIUM,  TET.I.TUTrM.  COLD.   Pr.ATISt/M,  TUNGSTEK, 
MOLYllDENUM,  VANADIUM.) 

Arsenic,  As.  At.Wt.74.96. 
Forma:  A&,S,,  As^Sj,  Mg^^O,. 

X.  Detennination  as  Ars«nlc  Trisulpblde,  As^S,. 

For  the  <letf  rmination  of  arstnic  in  this  form,  it  must  be  present 
in  ita  trivalcDt  state,  i.e.,  as  arernions  acid  or  na  ars<*nit«. 

The  solution  is  mad<^  strongly  acid  with  hydrorhloric  acid  and 
the  anenic  prpoipiioted  in  the  cold  with  hydrogen  sulphide.  The 
excess  of  the  latter  is  removed  by  passing  a  stream  of  carbon 
dioxide  through  the  solution,  which  L?  then  filtered  through  a 
Gooeh  crucible  thai  Iwis  Wvr\  prt'vi«u>fly  dried  at  105°  C.  The 
pTvdpitate  is  washed  with  hot  wal«r,  dried  at  105°  C.  to  constant 
weight,  and  weighed  as  As,S,. 

3.  Detennination  as  Arsenic  Pentasulphide,  As,S„  according  to 

Bun  sen.* 

Modified  by  /■>.  Keh-er.^ 

The  solution,  which  must  contain  all  of  the  arseniu  aa  arvenlo 
acid,  is  treated  wilh  liydrociiloric  ac-ld  Utile  by  little  (it  is  best  to 
keep  the  solution  cooled  by  surrounding  the  flask  with  ice)  tmtil 
the  solution  contains  at  least  two  parts  of  concentrated  hydro* 
cfakffic  acid  for  ".-ach  part  of  water.  A  very  rapid  stream  of  hydro- 
gen sulphide  is  conducted  into  this  solution  (contained  in  a  large 
Erlenn-^yer  flask)  until  it  b  saturated  with  the  gas,  after  which 

•  Ana.  iL  Chem.  und  Phsrm.,  IM,  305. 

t£.  aast.  Cltent.,  H,  45;  aee  also  Bramier  And  Tomittk,  Moiuubeftc, 
B.  «07:   MeOigr,  Z.  snal.  t'ltrm.,  17,  683,  aod  J.  Tfaide,  Ana.  d.  Cbem.  u. 
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the  fiaak  is  stoppcrocJ  and  allowed  to  stand  two  hours.  The  araenia 
pentasulphidi*  is  tht^ii  filu-red  tliraugli  a  Guoidi  crucible  which  baa 
been  dried  at  105"  C,  and  the  prt't'ipitate  is  wa&hfd  completely 
with  watttr,  then  with  hat  alcohol  (to  hasten  the  sulisequent  dry- 
ing). After  drying  at  10r>°  C.  the  precipitate  Is  wi.:ighed  as  As^ 
It  is  not  necessary  to  TS'ash  it  with  carbon  bisulphide. 

Ranark. — If  the  above  directions  are  conacii'ntiously  fullowcd. 
(his  method  gives  fauUlrjss  results.  If,  on  the  other  hand,  tha 
directions  arc  deviated  from  in  the  slightest  rrspcct,  the  precipitate 
is  likely  to  contain  some  arsenic  trisulphide,  whrrtby  low  residta 
will  bo  obtained.  If  the  soiution  is  not  kept  cool  and  the  hydro- 
cldoric  acid  is  added  too  rapidly,  the  heat  of  the  reaction  suflicca 
to  change  a  part  of  the  arsenic  chloride  {this  compound  probably 
exists  in  solution)  to  arsenious  chloride  and  chlorine,  so  that 
on  [Missing  hydrogen  sulphide  into  the  solution  a  nUture  of  oTBcnic 
trisulphide  and  arseiuia  pcntasulphide  will  be  obtained. 

3.  Determination  of  Arsenic  as  Magnesium  Pyroarsenate, 
according  to  I-evoL. 

The  solutionj  which  must  contain  all  of  the  arsenic  as  arsenate, 
and  have  a  volume  of  not  over  100  c.c.  por  0.1  gm,  arsenic,  is 
treated  drop  by  drop,  under  constant  stirring,  with  5  c.c.  of 
concentrated  hydrochloric  acid  and  then,  for  each  0.1  gm.  of 
arsenic,  there  is  added  7-10  c.c.  of  magnesia  mixture  *  and  a 
drop  of  phenolphthalein  solution.  !Now,  with  constant  stirring, 
10  per  cent,  ammonia  is  added  from  a  burette  until  the  phenol- 
phthal^  imparts  a  permanent  red  color  to  the  solution,  and  then 
enough  more  of  the  10  per  cent,  ammonia  is  added  to  make  one- 
third  the  volume  of  the  neutralized  solution,  .\fter  standing 
twelve  hours  the  liquid  is  filtered  through  a  Gooch  or  Monroe 
crucible.  The  precipitate  in  the  beaker  is  Iransforred  to  the 
crucible  by  squirting  upon  it  some  of  the  original  solution  from 
»  small  wash  l>oti:le.  The  precipitate  is  then  washed  with  2.5 
per  cent,  ammonia  until  free  from  chloride.     It  is  drained  as 

*  Prnpan^t  by  diuolving  bh  gms.  crystalliutd  magntrHJum  eliloride  and 
TO  gnii.  ammonium  chloride  in  6^0  c.c.  water  and  dUutiug  \.\at  to  a  vuluiuo 
of  «O0  litec  witli  anunuoia,  8p.gr.  O.QlJ. 
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romplot«1y  as  pofwihlo  by  suction,  clrinJ  at  100**  ami  hnatod  in 
an  electric  oven  (juiUi  graiiually  tu  a  tctnptTraLiirc  uf  almut  -KK)" 
lo  500*,  until  there  ih  no  mora  nminonia  ovolvud.  Then  the 
temperature  "is  raised  to  -StKl®  to  900"  ami  krpt  there  for  about 
10  minutes.  The  crucible  is  then  coohicl  In  a  dfwiccnlor  and 
the  precipitate  wcigh<>d  witli  the  precipitate  in  the  form  o( 
Mgs/XiijO:. 

If  an  electric  oven  ia  not  available  tlie  crucible  n-ith  the 
precipitate  is  placed  in  an  air-bath  (cf.  Fig.  11,  p.  27),  having 
the  bottom  of  the  Gooch  cniciblc  'come  within  abmit  2-'A  mm. 
of  the  bottom  of  Iho  out^r  nniriblo.  A  thin  layer  of  ammonium 
nitrate  powder  •  is  added  to  the  prRtitpitato,  which  ia  then 
hnitcd,  at  fin^t  gently,  gradually  increa^fing  the  temperature 
until  a  liglit-rcil  glow  on  the  outer  crucible  ia  obtainwl,  after 
which  the  precipitate  ia  allowed  to  coot  in  a  desiccator  and 
Ls  weighed  as  Mg>A»i,0,.    The  reaulta  obtainei)  are  excellent. 

Armarib. — ^The  precipitate  produced  by  the  niagnosia  mixture 
hwtfaefomuiIaMgNH^AifOj  +  OHiOand  Innc^  5)  molecules  of  water 
at  102*  C;  it  has,  tliereforo,  been  ])roi)used  to  dr>'  llic  j^recipitato 
at  this  tMiiperature  and  to  coiiipulc  the  amount  of  arseiiio  present 
aa  foUows: 


pigXH^AsO^-hJHjOJzAs-pix 


It  B,  however,  imjiossible  to  obtain  a  constant  weight  at  thii 
lonpenture,  &o  that  tlie  procedure  is  not  to  Ix;  rccoinmcnclcfl. 
If  the  precipitate  is  drieil  at  I0<5-110°  C.  ttie  salt  is  obtntntKl  almoet 
naitfkf  tree  from  water  and  at  a  slightly  higher  tcnipcraiure  it 
bigiDi  to  deoompoae.  The  only  form  in  which  the  precipitate 
ifaoaU  be  wrai^wd  is  as  magnesium  p^Toaracnate. 


*  timtt»A  at  unng  vnincniuin  iiitr»u^,  the  entdhkt  mfty  be  provided  with 
C  imfhrnmi  eover  aod  heal«d  in  >  current  of  oxyiptn. 
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Solubility  of  Hagnesium  Ammonium  Arsenate*  according  tOi 

Levol. 

000  parts  of  water  dissolve  1  part  of  tlic  salt. 

lu  2i  per  cent,  ammonia  it  is  almost  entirely  insohihle.  Accord- 
ing to  J.  F.  Virgili*  1  part  of  anhydrous  magnesium  ammonium 
arsenate  dissolves  in  24,558  part.4  of  animnni:i  w;iter. 

Colorimetric  Determination  of  Arsenic. 

Small  quantities  nf  arsenic,  such  as  are  present  in  wall  papers, 
may  lie  estimated  very  iipcuratoly  liy  means  of  the  Marsh  apparatus, 
comparing  tlie  niirnir  with  a  Beriea  of  atandards  formed  with 
known  <iuantities  of  araenic.t  It  id  just  as  accurate,  however, 
to  use  the  much  simpler  apparatus  usod  for  the  Gutzeit  teat. 
Treadwell  and  Comment  J  allow  the  arseniurctted  hydrogen 
to  reat't  with  disks  cantaiuing  silver  iiitrat«  nnd  compare  the 
resulting  color  with  a  standard  which,  unfortunately,  must  be 
produced  fi-esldy  with  eatih  analysis,  aa  it  does  not  keep  very 
well.  Almost  etiually  areuratc,  and  much  more  convenient 
b  the  method  of  F.  Hefti  J  and  that  of  C.  R.  Sanger  and  O.  F. 
Black  II  in  which  the  aracniuretted  hydrogen  is  allowed  to  act  upon 
mercuric  chloride  paper. 

(a)  Method  of  Hefti. 

In  the  first  place,  all  the  organic  matter  ia  destroyed  by  heat- 
ing the  sample  in  a  tube  with  fuming  sidphuric  and  nitric  acids 
(see  Vol.  i),  both  of  which  nuwt  bo  free  from  arsenic.  The 
resulting  liquid  is  evaporated  with  sulphurous  acid  on  the  wate> 
hath  in  order  to  nnlui-e  the  arsenic  acid  to  arsenious  acid  and 
when  all  the  excess  of  SO,  lias  been  expelled,  the  solution  la 
poured  into  the  graduated  tube  T  of  the  apparatus  shown  in 
Fig.  39.    In  the    100-150  c.c.  flask   K  are   placed   &-S  gm.  of 

•  Z.  luifd.  Chem.,  44,  504  (1005). 

fC.  R.  tiftngcr.  Am.  Ohcm.  J,.  1»,  ^31  ilsOl);  7..  an»I.  Cliom..  18,  187 
iuad  377;  C.  Lockemonn,  Z.  angcw.  Chein..  lUOS.  42!)  and  401. 
X  This  method  wa«  i^vcn  in  tbc  former  «ditiona  of  this  book. 
flnauf;.  Dissert.  Zurich,  LW7. 
II  Proc.  Amcr.  Acad.  Aria  and  Scicnwu,  No.  8,  1907. 
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gADuIfttod  zinc  coated  wilb  copper*  and  about  20  c.c.  of  sul- 
fhuric  Kid  free  from  arsenic  (L  vol.  cone,  acid+7  vols,  water). 
At  Ibe  end  of  t«n  minutes  all  tUe  air  should  be  expelled  from  the 
■pparatus.  The  outlet  D\  is  now  covered  with  a  piece  of  mercuric 
cUonJe  paper  and  kept  in  place  by  a  siaall  piece  of  ground  glass. 
Awnwlmg  to  whether  little  or  much  arsenic  Is  present,  aU  or  n 


Fig.  39. 

pftft  of  the  solution  in  T  is  allowed  to  flow  into  the  fla/ik  K.  At 
ihe  end  of  twenty  minut«9  the  experiment  is  finished.  By  com- 
partng  the  color  of  the  spot  produced  on  the  mercuric  chloride 

•  a.  Vol  I. 

t  For  qnaBtiUfia  of  uwnie  under  0  02  mg.,  the  upper  duunetftr  of  tlw 
Wba  D  iIk^iH  \m  8  mm.  Bud  (or  tarfger  qtuuiUties  il  dioukl  be  16  mm.    TbB 
'  edce  of  tbe  tvbe  u  gnnuw)  perfoctljr  Sot. 
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pftper,  with  the  standard  spots,  the  quantity  of  arsenic  present 
is  determined. 

The  di3';8  of  mercuric  chloride  paper  are  prepared  hy  dipping 
pieces  of  pure  filter  paper  into  a  saturated  solution  of  mercuric 
chloride  and  drying  them  in  an  oven  at  a  temperature  of  60"'-70*. 

The  standartis  are  prepared  by  carr>'ing  out  a  scries  of  cxpc  - 
iments  with  known  quantities  of  arsenic.  The  spots  thus  obtained 
BOon  lose  their  color  when  exposed  to  moist  air,  but  when  dn* 
can  be  kept  in  the  dark  for  several  days.  jVn  older  standard 
is  not  reliable,  but  can  be  used  to  estimate  the  approximate 
quantity  of  arsenic  and  then,  by  making  two  or  three 
standards  with  known  quantities,  the  exact  amount  of  arsenic 
can  be  determined.  The  standard  solution  of  arsenious  acid 
use<l  in  preparing  the  scale  should  contain  20  rag.  of  ."VsjO,  in  a 
liter.     Then 

O.C5cm.  =  0.001  mg.  As,0„ 
0.1  c.c.  =t».O02        etc. 

For  smaller  amounts  of  arsenic  the  above  solution  is  diluted  with 
nine  times  as  much  water  and  thus  made  one-tenth  as  strong. 


(If)  Method  of  C.  R.  Sanger. 

Three  grams  of  uniformly  grauulatedj  pure  xinc  ia  placed  in  llie 
30  c.c.  evolution  flask  {Fig.  40)  wluch  is  fitted  with  a  stopper 
holding  a  thistle  tube  and  a  gas  delivery  tube.  The  enlar^ment 
of  the  horizontal  tube  contains  a  wad  of  cotton  and  at  the  outer 
end  is  a  piece  of  thick  filter-paper  which  ha.s  been  dipped  iota 
mercuric  chloride  solution  and  dried.  Through  the  thistle  tube 
is  poured  15  c.c.  of  arsenic-free,  dilute  hydrochloric  acid*  (1:6) 
and  the  hydrogen  evolution  is  allowed  to  proceed  for  at  least  ten 
minutes  to  drive  out  the  air  from  the  apparatus.  At  the  end 
of  this  time,  a  measured,  or  weighed,  quantity  of  the  arsenic 
solution  to  be  tested  is  added  to  the  flask,  which  is  then  neariy 
fiUcd  with  water.  After  a  few  minutes,  the  mercuric  chloride 
paper  begins  to  color  and  at  the  end  of  thirty  minutes  will  attain 
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the  maximuiD  eoloratioo.     By  comparison  with  standards,  th« 
'iu&atay  of  areenic  present  is  estimated. 

Inasmuch  as  the  color  of  the  etandarxls  12  strongly  influenced 
by  moisture,  Sanger  recommends  preser\'ing  the  strips  in  a  per- 
fectly dr>'  condition.  For  this  purpose  a  little  phosphorus  pent- 
oxide  is  placed  in  a  small  test-tube,  followed  by  a  little  cotton, 
and  then  the  strip  of  paper  is  shoved  In  with  the  colored  part  at 


FiQ.  40. 

the  bottom.  The  upjKsr  end  of  the  paper  is  moistened  with  a 
drop  of  Canada  balaam,  after  which  the  tube  is  closed  and  seated. 
In  this  way  the  color  can  be  prcdcrvcd  for  several  months,  altliough 
the  freshness  disappears  after  a  few  weeks.  See  the  colored 
ehftrt  at  the  end  of  the  book,  uppt^r  row. 

The  color  holds  a  little  better  if  the  strips  of  paper,  after  being 
colored,  are  moistened  with  strong  hydrochloric  acid  and  then 
dried.  Some  CKIICl  is  plated  in  a  small  test  tube,  heated  to 
Bt  leaat  00",  the  strips  of  paiK>r  dipped  in  the  acid  and  allowed 
to  remain  there  two  minutes,  washed  thoroughly  in  running  water, 
dried  and  sealed  in  tubes  as  dcscrilied  above.  After  the 
drying,  liw  color  is  a  llttlo  duller.    See  the  colored  chart,  middle 

Riw. 
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If,  however,  the  strips  of  colored  paper  are  treated  with  normal 
ammoiya  solution,  tho  spot  which  was  originally  rod  turns  biade. 
After  djyiiig,  such  strips  arc  k^pt  in  s.'na.ll  tcst-tuhes  over  calcium 
chloride.  These  standards  arc  much  more  pcrnmnent  than  when 
prepared  as  above.     Sec  the  colored  chart,  bottom  row. 

Remark. — ^To  make  the  strips  uniform  as  regards  the  length 
of  the  spot  and  the  color,  the  following  conditions  must  be 
fulfilled: 

1.  The  evolution  flask  must  he  kept  the  same  size  and  the 
delivery  tubing  must  be  of  unifonn  bore. 

2.  The  same  quantity  of  xinc  of  the  same  size  must  be  used  in 
all  the  tests. 

3.  The  volume  and  concentration  of  the  acid  must  remain 
the  same. 

4.  The  wad  of  cotton  must  not  get  too  moist.  After  10  or 
12  experiments  it  should  be  renewed. 

5.  H^S,  Sblla  and  PII,  mxist  not  be  present,  as  they  give  a 
colored  spot  with  the  IlgCl,  paper. 

(c)  Electrolytic  Determination  of  Arsenic* 

Instead  of  producing  the  arseniuretted  h>'drogen  by  means  of 
zinc  and  acid,  It  may  be  formed  with  the  aid  of  cathodic  hydrogen. 
Thorpe  pusses  the  wi-sine  through  u  heated  tul>e  and  produces  an 
arsenic  mirror^  but  Hefti  t  allows  the  gas  to  react  with  mercuric 
ciJuride  paper.  Li  both  cases  the  appanitus  devisetl  by  Thorpe 
is  used  and  is  sliown  in  V'lg.  'II. 

As  cathode  a  perforated  cone  of  thin  lead  fofl  is  used.  This 
is  suspended  from  the  platinum  wire  that  has  been  fused  into  the 
ground-glass  stopper  of  tlie  cathode  compartment.  The  anode 
consists  of  platinum  foil,  two  or  three  centimeters  wide,  which 
is  wrapped  around  ihe  porous  coll. 


•Of.  Blox&jn.,  Z.  anal.  Cliem.,  1,  483  (IS02);  T.  E.  Thorpe,  Proc.  Cnem. 
9oc.,  19,  IKt  (IWa);  W.  Tfiotiwnu,  Maiicli.  MemoirH,  48,  No.  17  (IWH); 
S.  R.  Tootnmnn,  fliein.  Zentr.,  1904, 1,  1295;  H.  J.  3.  Sand  und  E.  HackTorJ, 
Chem.  Xt-nlr,  1904,  11.  259. 

t  Inaitg.  DiEt9'>rt..  Zurich,  1007. 
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procedure. — Pure,  dilute  sulphuric  acid  (1 :7)  \a  poured  into 
the  earthcnw&rc  cell  and  intu  the  glass  outer  vessel,  E;  the  level 
of  the  acid  sliould  Ije  aliout  2  or  3  cm.  from  the  buttom  in  the 
fonner,  and  about  0.5  cm.  higher  in  tUe  latter.  For  the  colon- 
metric  determination,  the  areenie  solutiou  is  i:iuureil  directly 
into  the  acid  of  the  ianer  cell.  It  must  be  present  an  arscnious 
acid,  and,  if  thin  is  not  tlie  case,  it  must  be  reduced  with  sulphurouH 
acid  and  the  exce«s  of  Uie  latter  expelled  by  healing.    For  the 
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pnxiuction  of  mirrors,  the  air  must  all  bu  expelled  by  hydrogen 
before  the  arsenic  iMiIution  in  added.  The  tube  C  is  Gllcd  with 
cryotallizcd  calcium  cliloridc.  The  outlet  at  D  h  covered  with  a 
dUc  of  mercuric  chloride  pa]>er  (sec  Method  a)  and  then  the 
circuit  ia  closed.  The  peitcntial  whould  be  about  7  volts  and  the 
current  about  2  to  3  amperes.  The  analysis  is  finished  at  the 
«ad  of  twenty  minutes  and  the  quantity  of  arsenic  estimated  by 
eomparin^  the  spot  with  a  stjindanl  Rcale.  (See  Metliod  a.) 
If  ibc  apparatus  is  connected  wilh  a  horizontal  delivery  tube, 
Sanger's  method  can  Ihs  used.     (Soc  Method  b.) 

Remark. — As  rpRards  the  influence  of  the  cathode  material, 
Tborpc  recommends  bright  platinum  foil  and  Hefti  uaes  lead. 
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Polished  platmum  does  nob  hold  anwnic  back,  but  platinum  with  a 
rough  Kurface  doen,  and  Hiiice  bright  ])latinura  becnmcji  dull  with 
UBC,  it  is  t-asily  jiOrtsiblo  for  low  results  to  be  obtained.  Exper- 
imentfl  ]>ci-formed  by  llcfti  in  the  author's  laboratory  showed 
that  ziiu;  alloyod  with  a  trace  of  copper  or  platinum,  bright 
platinum  foil  ami  lead  diil  not  hold  back  arsenic  when  used  as  the 
cathode;  on  the  other  hand,  zinc  in  the  presence  of  chloroplatiaic 
acid  and  platinum  foil  with  spong>'  platinum  held  back  a  coa- 
Btderable  quantity  of  arsenic. 

To  determine  arsenic  in  a  mineral  watoFj  100  c.c,  or  more  if 
nccessarj',  are  evaporated  to  a  small  volume  in  a  procelain  dish. 
The  resulting  solution  is  acidified  with  sulphuric  acid,  reduced 
with  aulphuroua  acid,  the  excess  of  the  latter  expelled,  and  the 
analysis  continued  by  one  of  the  above  three  methods. 

Determination  of  Larger  Quantities  of  Arsenic  as  Arsine. 
Method  of  F.  Hefti. 

In  the  electrolysis  of  larger  quantities  of  arsenic  it  wj»a  not 
possible,  in  the  past,  to  recover  all  the  arsenic  in  the  form  of 
arseniurettcd  hydrogen;  some  arsenic  was  deposited  upon  the 
cathode  in  the  form  of  the  element  arsenic  and  was  not  trans- 
formed into  arsine  by  the  further  action  of  the  electric  current. 
The  quantity  of  arsenic  deposited  as  metal  depends  upon  the 
potential  of  the  electric  current  at  the  electrodes, the  temj^erature, 
and  the  concentration  of  the  arsenic  solution.  At  hi^h  potentials, 
low  temperature,  and  low  concentration  of  tlie  solution,  the 
quantity  of  arsenic  deposited  becomes  isero  and  the  yield  of 
arseniurettcd  hydrogen  Is  then  quantitative.  The  estimation  of 
the  latter  is  best  accomplished  iodimctrically.  If  arseniurulletl 
hydrogen  is  passed  through  a  solution  of  iodine  in  potassium 
iodide,  it  is  immediately  oxidized  to  arsenic  acid  in  the  cold. 

AsH, + 4HjO  +  4 1,  =  SHI  +  HjAitO^. 

If  the  excess  of  iodine  Is  titrated  with  sodium  thiosulphate 
(see  lodimetric  Methods)  it  is  possiI>lu  to  deteriiiine  the  quantity 
of  iodine  that  has  reacted  with  the  arsine.  If  T  c.c.  of  O.lX 
iodine  were  used  pX  the  start,  find  i  c.c.  of  O-lK  thiosulphate 


L> 


Tta.  42. 


madp  in  two  halves,  the  eJges  of  the  bottr>m  being  ground  ho 
that  they  fit  tightly  ttfgoihor.  Between  these  cdgeH  jk  jilaced 
ft  piece  of  thin  parchment  paper,  tlu;  extemling  cdgeti  of  wliirh 
aic  folded  over  one  side  of  the  tube.  A  piece  of  rublH<r 
tubing  hotdH  the  two  hulvca  of  the  U-tubc  together  and  oIku 
tb«  parchment  paper  in  place.  This  tubing  is  wired  tightly  in 
placo,  taking  can;  that  the  edges  of  the  parchment  paper  ara 
bIbo  covered  by  the  wire.  In  one  arm  of  the  tube  (the  anode 
ecKDpartfnent)  which  rc^mniiitt  open  during  tlic  whole  experi- 
dwnt,  w  suspended!  a  platinum  plate  electrode  as  anode,  and 
the  other  arm  (the  cathode  conipnrtrnent)  is  tightly  stoppered 
with  a  ihreo-holed  rublwr  stopper.  Through  one  hole  passes 
a  glass  tube  containing  mercury;    at  the  bottom  of  this  tube 


ai6 


GRAyiMETRiC  ANALYStS. 


a  platinum  wire  is  sealed  in  and  from  this  a  plate  electrode  of 
lead  foil  it*  suspended  to  sLTve  ae  cathode.  TIic  wrc  from  tbo 
negative  pole  of  the  battery  dips  into  the  inereury.  Through 
the  second  hole  in  the  stopper  is  passed  a  gas  delivery  tube 
leading  to  the  absorption  vessel  A.  TJie  third  hole  in  the  stopper 
carries  a  tube  that  leads  to  the  Erlennieyer  flask  £  wliich,  m 
turn,  is  connected  witli  the  empty  fliusk  F,  and  the  latter  with 
the  rubber  tubing  c^hown  in  Fig.  42.  This  tubing  lends  t«  the 
hood.    Such  an  arrangement  provides  for  the  regulation  of  the 
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pressure  in  the  cathode  space.  If  the  pressure  there  exceeds 
that  of  the  antxle  space,  a  part  of  the  arsenic  solution  will  pass 
into  the  anode  compartment  and  will  be  lost  in  the  analysis. 
If  suction  is  applied  at  the  extreme  end  of  the  absorption 
appuratiw,  so  that  bubble  aft*r  bubble  of  air  passes  through 
the  Krlenmeyer,  then  it  is  verj*  easy  to  overcome  the  pressure  in  the 
absorption  ves-scl  without  having  diminished  the  pressure  in  the 
cathode  compartment  enough  to  tear  the  parchment  membrane. 

Procedure. — Tlie  arsenic  solution  to  be  tested  must  contain 
all  the  arsenic  in  the  tnvalent  condition. 

In  the  first  place,  the  anode  compartment  is  filled  to  within 
3  cm.  of  the  top  with  10  per  cent,  sulphuric  acid,  the  ai^ienic 
solution  is  placed  m  the  cathode  compartment  and  this  la  filled 
to  within  3-5  cm.  of  the  top  (in  other  words,  the  level  in  the 
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cathode  compartment  is  about  0.5  cm.  lower  than  on  the  other 
aide  of  the  U-tubc);  the  concentration  of  the  arecutc  solution 
Jn  the  U-tube,  after  this  dHution  with  acid^  should  not  ex- 
*««d  80  mgm.  A.<*iO,  in  50  c.c.  of  solution.  The  U-tube  is 
placed  in  ice-wntcr  and  the  gas  delivery  tube  is  coimected  with 
two  tm-bulb  absorption  tubes,  of  which  only  one  is  shown  in 
tJw  drawini;;.  Into  the  first  absorption  tube  Is  now  placed  an 
«icurat4.^iy  njcaaured  volume  of  tcuth-nonnal  iodine  solution, 
and  into  the  second  tube,  which  is  not  shown  in  the  drawing, 
10  c.c.  of  sodium  thiosulphate  solution,  and  about  40  c.c.  of 
Water.  The  purpose  of  the  »odium  thicsulphate  solution  is  to 
catch  any  iodine  that  may  escai^e  from  the  5ret  absorption 
lube.  While  the  apparatus  absorption  vessels  are  beiug  filled, 
the  arsenic  solution  should  be  in  the  ice-water,  and  its  tem- 
perature should  be  about  0°  when  the  analysis  is  ready  to 
begin.  Gentle  suction  is  started  at  the  end  of  the  second 
'abaorptiou  tube,  the  electric  circuit  Ls  closed*  and  the  suction 
Hi  reflated  so  that  bubble  after  bubble  of  air  slowly  streams 
throuffh  the  pressure  regulator  and  into  the  cathode  compart- 
ment tlirouglidul  ibe  whole  dunitioii  of  the  electrolysis.  More- 
over, care  is  taken  that  enough  ice  n-mMina  in  the  cooIinR  bath. 
When  all  the  conditions  are  maintaiiionl  watisfaetorily,  the  liquid 
io  the  <rell  should  mmain  porfnrtly  clear,  or  at  tJie  worst  be 
tolored  only  by  a  slight  brownish  turbidity,  which  e%'entualty 
diaappears.  If  a  blark  turbidity  Is  formed  tliat  wittles  to  the 
boitom  of  the  U-tube,  something  lias  gone  wrong  and  it  is 
nsrieM  to  continue  the  experiment.  In  a  normal  experiment, 
the  evolution  of  the  arsine  is  fuiLshed  in  an  hour,  whi-n  nut 
nwre  than  50  mgm.  of  .\s,0,  arp  present.  The  curnfuL  is  then 
stopped,  the  contents  of  the  two  absorption  tubes  (first  Iho 
iodine  and  then  the  thiosulphate  solution)  arc  poured  into  a 
beaker  containing  5  c.c.  of  ii  saturated  solution  of  pun-  NafTCO, 
and  the  excess  of  iodine  is  titrated  with  O.IX  sodium  thicsul- 
phate aolucion  using  starch  t<olution  ».s  indicator.  If  on  mixing 
the  contents  of  the  two  absori)li(m  bulbs  the  sulutiun  is  decolorized, 
the  titration  is  finished  with  O.IX  iodine. 

*  K  eumol  o(  3  to  3  atnpcrcs  and  7  volts  is  uwd. 
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This  method  can  be  carried  out  very  easily  and  givefi  accurate 
results  in  the  presence  of  iron,  so  that  it  ia  suitable  for  a  rapid 
determiuatiun  of  the  arsenic  present  in  iron  minerals. 

DeterminatioD  of  Arsenic  in  Uisptckel. 

One  gram  of  the  finely  powdered  mineral  ie  fused  in  a  nickel 
crucible  mtb  0  gm.  of  yodiuui  carbonate  and  1  gni.  of  potas- 
sium nitrate.  Ths  resulting  luolt  is  extracted  with  hot  water 
and  the  residue  (FejOg,  NiO)  washed  with  hut  sodium  carbonate 
solution.  To  the  filtered  Hulution  200  c.c.  of  water  saturated 
with  SOj  are  added  to  reduce  the  arsenic,  the  solution  is  boiled 
to  expel  the  excess  of  SO,,  allowed  to  cool,  diluted  to  500  c.c. 
with  Hutphurii;;  acid  so  that  the  entire  solution  contains  10  to 
12  per  cent,  of  H]BO|,  and  the  arsenic  is  thun  dct<>rmmed  as 
outlined  above,  using  one-tenth  of  the  solution. 

Inatead  of  extracting  the  melt  with  water,  it  may  be  treated 
with  dilute  sulphuric  acid,  whereby  all  the  iron  goes  into  solution. 
.Alter  this  solution  has  been  reduced  with  sulphurous  acid,  the 
analysis  of  an  aliquot  part  gives  the  same  result  as  when  the 
first  procedure  is  followed. 

Hefti  found  42.67  per  cent,  arsenic  by  tlie  former  process  and 
42.73  per  cent,  by  the  latter.  The  iniuomi  analyzed  was  sui>- 
[>o&e<l  to  contain  42.72  per  cent,  ai^senic. 


Ahtimohy,  Sb.     At.  Wt.  120.2. 
Forms:  Sb-Sj,  Sb-O*,  and  Sb. 
X.  Determination  as  Trisulphide,  SbaSg. 
Method  of  F.  Henz.* 

The  best  method  for  the  determination  of  antimony  is,  in  the 

author's  opinion,  the  followirip: 

Hydrogen  sulphide  la  pas-'w-d  for  twenty  minutes  into  the  cold 
solution  of  an  antiraonite  or  antimonate,  then,  without  stopping 
the  current  of  hydrogen  sulpludp,  the  solution  is  slowly  heate<]  to 

•  P.  Bvss,  Z.  uiorg.  Chttm.,  3?,  18  (1W3). 
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hoffing  and  the  i:a8  passed  through  it  for  fifteen  minutca  more,  aftor 
which  the  now  iIuuhk  pn-cipitate  is  allowed  to  settle  and  filtered 
through  a  Guorh  crucible  whicli  hjis  been  heated  at  280-300®  ancl 
wdghixl.  The  precipitate  in  waMhi-d  Tuur  or  five  tiin&s  by  decanta 
taon  with  50-75  c.c.  of  hut,  very  dilute  acetic  acid  into  which 
hydrogen  sulphide  has  been  passed,  and  wiu^ed  on  the  filter  with 
the  same  wash  liquid  until  all  chloride  is  removed.  At  first  ths 
fittrmtB  runs  through  perfectly  clear,  hut  after  all  the  mineral  acid 
has  been  removed,  the  filtrate  shows  a  slightly  orange  tint,  owing 
to  an  unweighable  amount  of  the  antimony  sulphide  passing 
through  in  colloidal  solution.  Aa  soon  as  this  {xiiat  is  reached 
the  washing  is  stopped. 

F.  Henz  then  proceeds  as  follows: 

The  crucible,  after  the  precipitate  has  been  dried  as  much  as 
poenble  by  suction,  is  placed  in  the  tube  R,  Fig.  44,  which  is 
fitted  to  a  drj-ing  oven  (about  IS  cm.  long  and  10  cm.  high; 
coverwl  with  osbestoa  paper).  The  tube  R  is  then  closed  wilh  a 
jbber  stopper  that  holds  a  glass  delivery  tube,  and  R  is  pushed 
the  dr>'ing  closet  until  the  end  of  the  stopper  is  reaiiheil.  To 
protect  the  nibbcir  8t«ppt?r  during  the  subsequent  heating,  its 
inner  surface  is  provided  with  a  Rose  crucible  cover,  which  is 
lield  in  place  by  wrapping  the  lube  a  willi  a  strip  of  a^sbestos 
paper. 

The  air  ia  now  e.xpclled  from   the  tube  by  a  stream  uf  dry, 
air-fr«  carl)oii  dioxide*  ami  heated  for  two  hours  at  lOO'-lSO**. 


t  In  onJiT  t«  oljlain  orcuratr  nf«iillj«  it  in  iiprcppwry  to  hiivt-  tht-  cnrlxui 
iltnxHk  perfectly  free  (rom  air.  ThU  may  be  prepared  by  the  use  of  IJw 
Kipp  jrenrntor  u  mixlirit-d  by  IIuiu  (CLl-iu.  ZIk-.  11W2,  386)  ux  Fig.  4fi. 
This  didvra  from  the  ordinary  form  of  the  Kipp  appnnLtus  only  lu  rcgarda 
■pboo  tulw  a;  but  herain  lies  &  diiitLact  advautuKc.  The  uppamtun  n 
fBtl  as  followa:  Pint  of  all,  pieces  of  pure  marlile  nr«  pliicvd  in 
tfa*  tniidlo  oompftrunent,  thn  fftop-cock  is  openoJ,  and  water  is  puur(^d 
thram^  tli«  upper  compartment,  until  it  bej^ns  to  nin  out  thnniRti  l)i« 
■liip  IHMk.  wliieh  ia  MitLU  cltatvd.  Uy  tfain  int>:u)H  all  the  air  Ii»8  Iwen  (rxpolkHl 
Uh)  know  part*  of  ttw  nppnratus  nml  it  unty  tvmuiiia  to  introduce  tlio 
jorio  acid.  To  accomplish  this,  ilie  wntvr  u  allowvil  lu  run  «ul 
ihrtNi^  tha  lipboo  whilo  hydrucliloric  acid  (1:4)  is  poured  in  nt  the  top 
•f  Um  pMomUtr.  As  sooa  u  carlwo  dioxide  Iwgina  to  be  cvolvM,  tlic  tube  a 
l>  ckmd  and  the  apparaUu  ia  ready  for  use.    When  the  acid  has  becume 


Fio.  44.  Fic.  45. 

5  cm.,  as  shown  in  the  drawing,  and  tho  temperature  is  raised  to 
280-300*  and  kept  there  for  two  hours. 

Hereby  some  sulphur  is  vnlnTilized  and  pollccts  in  the  tube  R 
outside  the  oven.  The  nntimonj'  pentiutulpKide  ia  also  com- 
pletoly  changed  into  the  black  mod  Ifi  eat  ion  of  the  trisulphidc  by 
this  heating.*    The  crucible  ia  allowed  to  eool  in  the  stream  of 

too  weak,  it  U  removed  through  the  dpbon  whilij  a  fresh  supply  is  poured 
in  at  the  top:  there  is  no  nec^i  of  Uildng  the  ttpparatus  apart  during  thu 
opemtioti.  It  is  obvioua  that  tbc  samo  app&r&tuA  c&n  be  employed  to 
adviLUtaKC  for  Kt^ni^riiliiiK  hydrof^n  or  byilru^n  ttitl|ihide. 

•  According  to  Paul  (Z.  anal.  Ctiem.,  31,  540  ClS9.i)),  the  trtorfomaitio* 
of  antuaanv  rrntiiiilgh'rir  mq  Iw  oooomplistiol  in  his  dryiog  oven  (shown 
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\q,  transferred  to  the  balanro  niw  •  and  after  standing 
ia  weiglied.  The  black  antimony  trUulphide  is  not 
ftt  all  hygroscopic.  A  further  heating  in  the  current  of  carbon 
dioxide  will  rarely  ahow  any  change  in  weight. 


(b)  Method  of  Vortmann  and  Metzel. 

When  antimony  is  precipitated  by  liydrogt-n  sulphide  from  a 
hot  solution  which  is  strongly  acid  with  hydrochloric  acid,  the 
sulphide  eventually  becomes  grayish  black  in  color,  Ja  cryatalline, 
and  cau  be  filtered  easily  and  washed  with  water  without  tho 
slightest  tendency  to  pass  into  the  hydrosol  condition. 

The  solution,  in  an  Ertenmeyer  flask,  Is  treated  with  concen- 
trated hydrochloric  acid,  adding  24  c.c.  of  the  concentrated  acid  to 
each  100  c.c.  of  the  neutral  solution.  It  is  heated  to  boiling,  and 
the  hot  solution  .subjected  to  the  action  of  hydrogen  sulphide  gas. 
The  Erlenmeycr  flask  containing  the  solution  is  placed  in  a  dish  of 
boilitig  wttt«r  and  the  water  in  the  latter  \n  kept  boiling  during  the 
prtYipitstion.  It  is  advisable  to  introduce  the  hydrogen  sulphide 
gas  quite  rapidly  at  first,  but  towards  the  end  a  kIow  Rtream  la 
sufficient.  The  antimony  sulphide  as  it  comes  down  m  yellow  at 
firet,  but  as  the  precipitation  proceeds,  It  becomes  redder;  grad- 
ually Jt  becomes  heavier  and  denser,  assumes  a  cr^'stallinc  fumi 
■nd  becomes  darker,  and  finally  black  in  color.  The  tran»(forma- 
tion  into  the  crystalline  form  is  hastened  by  shaking  the  flask. 
At  first,  while  the  precipitate  is  of  a  yellowish  color,  there  is  no 
need  of  shaking  the  flask  but  later  on  it  is  very  desirable  to  do  so. 
*V\iK  shaking,  however,  should  not  be  too  violent,  as  othem-ise 
aocue  of  the  precipitate  is  likely  to  adheie  to  the  upper  portions  of 
the  flask  and  escape  the  transformation.     The  duration  of  the 

in  t-'is.  20  of  tliia  bocdc)  bjr  beating  to  a  temperature  of  230".  This  U  pcf^ 
frrlly  Inw,  but  the  traoBfonnatlon  i»kv^  pliirt.-  mon-  nndily  nt  a  tcmperalure 
fli  2940°.  It  U  mora  difficuU  Co  replace  the  nir  completely  with  carbon  iliuxiiJu 
In  I'tAul'a  drTiog  oven  and  often  some  white  untiiuony  oxiilo  ifl  noticeable  in 
Uw  crucible. 

•  \  piopo  <»f  writiiijt-papor  should  lie  rollH  up  and  plaecd  in  th#  tube  H, 
■0  that  the  crucible  dow  not  rome  in  contact  with  koy  of  the  xulphur  sut^ 
Hnatc,  on  witlMltawiiic  it.    Tbo  crucible  u  tvmov«d  witb  tlw  paper. 

t  Z.  anal.  Chsjn.,  41,  33tJ  (lbO.*>>. 
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whole  proceifs  amounts  to  from  30  to  35  minutes.  Finally  a 
heavy,  tlense,  crystalline  precipitate  of  antimony  Irisulphldo 
18  obtaiucti  which  settles  well  and  permits  a  rapid  filiration.  The 
solution  is  diluted  with  an  equal  volume  of  wat^r,  which  is  allowed 
to  flow  around  the  walla  of  the  flask  in  order  to  wash  down  any 
adhering  sulphide.  Tlic  dilution  almost  always  causes  the  forma- 
tion of  a  slight  yellow  turbidity.  The  reason  for  this  is  that  & 
little  of  the  autiuiony  is  held  in  solution  by  the  strong  acid  and 
as  the  solution  is  diluted  this  is  caused  to  precipitate  by  the 
dissolved  hydrogen  sulphide.  The  flask  is,  therefore,  once  more 
shaken,  placed  in  the  vessel  of  boiling  water  and  more  hydrogen 
sulphiJe  is  introduced.  In  two  or  three  minutes  the  solution 
above  the  precipitate  will  become  dear.  It  u  filt;red  through 
a  Gooch  crucible,  wa.-^hnd  with  water  to  remove  the  acid,  then 
with  alcohol,  and  placed  in  the  dr>-ing  oven. 

2.  DetemuQation  as  T«trozide,  Sb:r04  (Bunsen). 

This  method  is  based  Upon  tlie  fact  tliiit  antimony  pentoxidc, 
when  ignited  at  a  definite  temperature,  clianges  into  Sba04. 
Bunsen,*  who  fii-st  proposed  the  method,  later  abandoned  it 
because  his  assistant  succeeded  in  volatilizing  mure  tlian  0.1  gm. 
of  the  precipitate  by  heating  it  over  the  blast  lamp.f  Uninck,t 
KoBsingl  and  Ilenz  II  have  showTi,  hoivever,  that  under  certain 
conditions  accurate  results  can  be  obtained,  although  they  did 
not  specify  the  exact  temperature  at  which  the  precipitate 
should  be  ignited.  If  the  pento.xide  is  ignited  in  a  largo  jwrcelain 
cniciblt;  over  the  blast  lamp,  it  is  possible  to  change  the  tuittmuny 
pento.\ide  quantitatively  into  the  tctroxide;  if,  howevur,  a  small, 
thin-walled,  procelain  crucible  is  used,  the  tetroxide  loses  o.xygcn 
and  is  transformed  into  the  vohitile  trio.\ide,  whereby  low  reaulta 
are  obtained.  It  is.  ihereforB,  purely  accidental  if  exact  rc^uluj 
arc  obtained  by  such  a  procedure.     In   1S97,   Baubiguy^  dis- 

*  Ann,  Chcia.  u.  Ph»nn.,  IOC,  3  (1&S&). 

t/ttd-,  102,  3ltS  (IS78). 

X  Z.  uitU.  Chcm..  SI,  171  (isas). 

\ibid.,\\,  t)  tiyo'j). 

[I  LcKT.  ciL 

1  Compt.  rentl.,  184,  499  (1897) 
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coveriHl  that  antimony  pcnloxido  is  convprted  quantltfttivcly 
into  the  telroxide  at  a  temperature  of  750*-SO0^  and  begins  to 
form  the  volatile  trioxide  at  a  Uttlc  above  950*.  Tho  author's 
■aaietant,  Dr.  K.  (.J.  Beckett  *  has  confirmed  the  work  of  liau- 
bigny.  At  "SC-SOO®  the  transformation  is  complete  and  at  1000* 
it  is  possible  t«  volatilise  0.35  gm.  of  tho  precipitate  in  about 
thirty  minutes.  If  these  fat-t,*?  arc  borne  in  mind,  it  is  poa.'tible 
to  get  accurate  results,  although  even  then  the  method  is  less 
flatisfactor>'  than  the  determination  as  trisulphide. 

Procedure. — In  the  majority  of  eases  it  is  desired  to  determine 
the  amount  of  antimony  present  in  a  mixture  of  its  tri-  and  (lenta- 
sulpbidcs,  or  in  a  mixture  of  one  or  the  other  of  the  two  compounds 
with  sulphur.  It  is  best  to  proceed  us  follows:  The  sulphide 
of  antimony,  precipitated  from  hot  solution,  is  waahetl  firat  with 
hot  water,  then  with  nlcoliol,  afterwards  with  a  mixture  of 
klcobol  and  carbon  disulphide  (in  nnler  to  remove  the  Hulphui-),t 
%ffun  with  alcohol  and  finally  with  ether,  afU^rwanln  drying  the 
precipitate.  The  bulk  of  the  precipitate  it)  8e]>anited  from  the 
filter  and  plawHl  upon  a  watt'li-glas.s  and  the  fill^er  U  placed  In  a 
email  porcelain  dish  and  boiled  with  a  little  of  a  freshly  prepared 
lulution  of  ammonium  sulphide,  stirring;  constantly  with  a  glass 
rod.  The  resulting  solution  is  poured  through  a  small  5lter  into 
a  30  c.c.  porcelain  crucible,  and  the  filter  is  treated  repeatedly 
with  ammonium  sulphide  until  it  is  no  longer  colored  brownish 
red  at  the  edge  nf  the  paper,  where  it  Iiegins  to  dry;  the  extrac- 
tion of  the  antimony  sidphidc  i.s  then  complete.  The  solution 
in  the  crucible  is  evaporated  to  ilryncss  and  tlie  main  part  of 
the  precipitate  is  added.  To  nxitlize  the  antimony  sulphide, 
Beckett  placeii  the  crucil;]c-,  with  a  dish  of  rumimg  nitric  ucid 
bcaiJe  it.  under  a  Ijcll-jar  and  allows  it  to  stand  over  night.  The 
vapors  of  funiitig  acid  slowly  oxidiiw  the  precipitate  in  the  rnicible 
and  in  the  morning  it  is  possible  to  complete  the  oxidation  by 
moinfl  of  nitric  acid  (sp.gr.  1.4)  without  the  reaction  being  too 
violent.  Tlic  crucible  ia  then  heated  on  the  water-bath  until 
Uie  precipitate  becomea  white  and  the  greater  part  of  the  acid  la 

•iDftug.  DiMert.  Zurich,  HXra. 

tThicIv,  Ana.  d.  Chem.  und  Phanu.,  SC3,  372. 
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expelled.  A  little  water  Is  added  and,  with  stining,  enough 
concentrated  ammonia  to  ^vc  an  alkaline  reaction.  The  con- 
tents uf  the  crucible  are  now  evaporated  to  dryness  on  the  water- 
bath,  carefully  heated  in  an  air-bath  (Fig.  11,  p.  27)  until  no 
more  fumes  of  sulphuric  acid  are  evolved,  and  then  for  half  an 
hour  at  800°  in  an  electric  oven.  After  cooling  in  a  desiccator, 
the  crucible  is  transferred  quickly  to  a  glass-stoppered  weighing 
beaker,  alkiwed  to  stand  twenty  minutes  in  the  balance  case, 
and  then  weighed.*  The  ignition  and  weighing  are  repeated 
imtil  a  constant  weight  is  obtained. 


i 


3.  Determination  of  Antimony  as  Metal. 

Antimony  may  b«  deposited  from  acid  solutions  by  means  of 
the  electric  current;  the  metal,  however,  does  not  adhere  well  to 
the  electrode,  so  that  this  method  cannot  be  used  for  its  quantita- 
tive determination.  On  the  other  bund,  the  following  method 
is  8uital>ie;  it  was  first  proposed  by  Parrodl  and  Mascazzini,t 
then  modified  by  Luckow,}  and  afterwards  improved  by  Classen 
and  Ileiss.§  According  to  the  experience  in  the  author's  laboratory, 
it  is  not  80  accurate  iM  the  Irisuljiliide  method. 

If  a  solution  of  sodium  or  ammonium  sulphoantlmonite,  or 
antimonate,  containing  not  more  than  0.3  gm.  Sb  in  a  volume  of 
about  1-10  c.c.  is  subjected  to  electrolysis  with  a  current  of  1-1.5 
amperes  at  70^  for  90  minutes,  the  antimony  will  be  deposited 
upon  a  platinum  dish,  which  has  been  yenily  sand-blasted,  as  steel- 
gray,  metallic  antimony,  and  the  deposit  adheres  so  firmly  that 
it  can  be  dried  and  weighed  without  loss.  The  chief  condition  for 
the  success  of  this  operation  ia  the  absence  of  polysulphidos.  In 
case  these  substances  are  present  the  antimony  is  incompletely 
deposited  and  in  some  ca.<ies  not  at  all,  or  the  deposited  antimony 
may  pjuss  into  solution,  on  account  of  being  oxidized  to  sodium 

*  Sh,0,  is  hygroflcnpir  and  rouRt  bo  wvi^tivd  ui  »  u-eighing  t^cftker,  M 
Finkieiier,  Uextor,  anil  Beckett  have  all  found. 

t  Z.  anal.  Cliem..  18,  5S7  C187S). 

X  Ibid.,  1»,  13  (1880). 

IBorichto,  H,  1629  (1881);  17.  2474  (lt»l);  18.  403  (1885);  87,  2074 
(ISMJ. 
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aBtimonit«  hy  means  of  the  aodium  polyaulphide  which  is  formed 
at  the  anode  during  the  electrolysis: 

2Sb + 3  NaaSa  =  2Na3SbS3. 

It  is  necessary,  therefore,  to  prevent  the  forrantion  of  poly- 
Sitlphidea  during  the  electrolysis.  For  this  reaaon  Lecrenier  * 
added  oodium  sulphide  to  the  bath,  whereby  the  polysulphide  is 
tmutfonned  iiUo  tltiusulphatc: 

Na^Sa  +  NB2SO3  =  NiiaS:,08 -I- NiiaS. 

Ost  and  Mapproth  f  carry  out  the  electrolysis  with  the  aid  of 

a  diaphrafcm  to  keep  the  polysulphide  away  from  the  cathode. 

It  is  better,  however,  to  make  use  of  potassium  cyanide  for  this 

puipose4 

NazSaH-  KCN-  NiiaS-f  KCNS. 

Proc«Jure. — In  most  cases  the  antimony  is  first  isolated  as 
the  sulphide,  which  Is  either  precipitated  by  hydrogen  sulphide 
(rain  acid  solution  or  obtained  by  uctdifying  an  alkaline  solution 
of  the  thio-«aIt.  The  Altered  and  washed  precipitate,  cor- 
responding to  not  over  0.2  gm.  Sh,  is  dissolved  on  the  hller  by 
pouring   pure    sodium    sulphido  solution  (sp.gr.   l.M)  over  it.g 


•  A.  Ucn-niiT,  Chem.  Ztji..  18,  1219  (18S9). 

t  Z.  angsvi.  Chem.,  IdOO.  K2S. 

tCf.  A.  Fischer  Ilor.,  SU.  '-'I>1S  {VMi);  Z.  anorfc.  Chcm.,  42,  36.1  (1904); 
HoUanI,  Bull.  S«.  t:brm.,  23  |3]  2'^!  (I'JOO);  F.  ITena,  Z.  anorg.  Chcm.,  S7, 
SI  (1903). 

I  A.  labiildpr  propuvs  the  BoluUon  of  nodiiim  sutphidc  as  follows:  CCti  gins. 
td  pnroBl  sodium  liydroxidc  (prDparud  fraiii  Bodluiii)  urn  dissolvod  Lu  2  liU>n 
of  mtet  and  th«  Rnlution  di^-idcd  into  balvoii.  One-half  is  placed  in  a  long- 
iK«kiHl  Raak  of  fluch  a  siio  thnt  th«  milution  just  reaches  the  neck  of  the  flask. 
71k  flsBk  U  lIowiiI  with  a  two-holed  niUlx^r  titop[xT  ai»t  a  rapid  cumtnt  nf 
«dl-waabed  hydrogen  fldphids  is  introduced  Ihrouidi  a  itljum  tulw  1  cm. 
ivide,  keeping  out  the  air  as  much  as  poesible.  When  ibc  eolution  ceaaee 
to  buneaM  in  volutno  (1000  c.e.  of  NaOH  ffi>luiiun  ahould  tavt  121S  cc.  of 
•odium  NoSU  aolutton).  When  this  is  arcompliiihrd,  th'n  othrr  half  of  the 
oriciiiBl  •odium  bTdroiide  solution  is  added.  The  solution  of  Kn^S  thus 
pMpvsd  U  cokuvd  a  pale  j-ellow,  and  after  staDding  some  time,  or  tooavt 
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The  Bolutian  Is  caught  in  a  weighed  platinum  dish  with  unpolished 
inner  Hurfurf,  or  In  a  beakor  if  a  platinum  gauze  electrode  is  to  ha 
used.  After  washing  the  iiltcr  with  tlie  sodium  sulphide  solu- 
tion, the  total  volume  of  the  liquid  in  the  platiriuui  disJi  sliould 
not  be  over  St)  c.c;  if  less  timn  this,  enuuj^li  more  sodium  sul- 
pliide  solution  is  added.  The  solution  ls  diluted  with  60  c.c.  of 
whUt  and  2-3  gma.  of  the  purest  potasulum  cyanide  are  added 
and  the  liquid  is  stirred  with  tlio  anode  uiiLJI  all  the  cyanide  Ims 
dissolved  and  the  soliitiou  Is  well  mixed.  U  is  heated  to  60" -70" 
and  electnilyzed  witti  a  rurrviit  of  1-1.5  amperes  and  electrode 
pok'iitial  of  2-'i  VLtlts.  Aft<T  1.5  to  2  hours  all  the  antimony 
will  Iw  upon  the  cathode  in  the  form  of  a  fimily-atlhering,  light- 
gray  deposit.*  N'ow,  witlKiut  Invjikiiig  tliu  circuit,  the  electrolyte 
is  siphoned  off,  while  water  '\n  added  until  the  eurrent  ceases  to 
pass  through  the  liquid  (the  voltmeter  connected  as  ammctet 
[(oint-s  to  tlie  zero  reading).  The  cathode  is  removed,  washed 
thoMiii^hly  with  water,  then  with  ahsoliite  ali-uhol,  dried  at  about 
80",  cf"»Eed  in  a  desiccator,  and  weighed. 

The  ivjiults  ohtaiiied  by  this  method  are  Jtivariahly  too  high, 
as  V.  Henz  f  showed  in  the  author's  laboratory,  the  crmr  aniuunt- 

uii  shukiug,  (vtragoiittl  crystitU  uf  Ni^-f  dH^O  aro  dcpoeitvd.  Tlu>  Holutiua 
keeps  indefinitely  id  a  wDll-stoppcred  lltuik:  a  sUglit  precipitate  <rf  block 
mHal  smlphiiic  (FeS,  NiR,  J\g^)  ipi  formed  after  gnmc  time. 

If  the  sodium  sulphide  solution  is  prepared  from  catudic  soda  purifieil  hy 
alcnhol,  tbo  finnl  xohilion  Lt  colored  a.  tEo#p  yellow  or  Imiwn  and  it  contxina 
more  foreign  sulphides,  |wirtly  in  suspcniion  iiiwl  partly  ia  colloidal  solutJuit. 
If  the  Hu»]>vtided  (tulplildcv  are  removed  by  (ilimtioa,  a  furttiur  precipitate 
will  appear  uu  »t:iudiii|C. 

For  thR  antimony  detrrminaliimi,  tho  saturatml  sodium  sulphido  aolutioo, 
which  hiuaspccilic  gmvity  of  l.!JJ.  in  diluted  until  the  specific  gravity  \»  1.14. 
Accordins  to  A.  ClOKicn,  a  HatUfactory  soltition  cati  lie  proparcd  by  diMolring 
the  pun«i  gnulo  of  cnninierriHl  NayS.  Cliwwn  formerly  TQComniended  that 
the  sohiiion  Lw  prepared  by  bailing  a  Kolulion  of  sodium  hydrvxido  wlucb 
had  bLt'ii  saturiLU'd  with  hydruKini  uulphidt).  Such  a  Kulutitm  after  an  hour's 
bailing,  whilo  inlroducini;  a  Htrcjun  of  hydrogen,  containod  SU  |ii-r  cent. 
NfcSlI  and  31  per  cent.  Xa^S  (F.  Wc^%lin). 

*  To  make  sun;  thai  tlie  depoaition  U  campletc,  tlin  lit]uid  may  be  trans- 
ferreii  ipiickly  t<i  a  m-cinil  dUh  ami  ul«ctroly«cd  for  half  an  hour  tonKCr. 
It  L8  Bcldoni  that  there  will  be  any  gain  in  weight  shown  by  thU  disU. 

t  Z.  aaorg.  Chciu.,  37,  31  (1«»). 
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tug  to  about  1.5  to  2  per  cent,  of  the  totul  ajitimony  present.  If, 
however,  the  antimony  depo^iit  is  dLssolvcd  and  precipitated  as 
the  trisulphide,  i\\e  weight  of  the  latter  correspouds  to  the 
theoretical  value,  ehowing  that  the  deposit  cuntaiiied  all  the  anti- 
mony. If,  a«  A.  Kittcber  *  recomiuends,  the  depotjlt  is  dissolved 
in  alkali  poUiJutphide,  and  again  electrolyzed  with  addition  of 
potaasium  cyanide,  the  same  weight  of  antimony  is  obtained  as 
at  finst,  but  the  antimony  ia  not  pure. 

Tlie  ertx)r  in  the  analyHin  is  so  constant  that  values  not  far 
from  the  truth  will  he  obtained  by  subtmeting  I.Q  per  cent,  of 
Uie  weight  of  antimony  dcpotiited  dcctrolytically. 

ThiB  error  of  tbc  electrolytic  antimony  deterrninatiDn  waa 
first  detected  by  Henz,  but  liati  been  conrirmcd  by  a  number  nf 
other  investigators,  including  C).  M.  M.  Dormnar,t  F.  Fdrster 
and  O.  AVolff.J  and  recently  by  A.  InlitUder.$ 

According  to  Dormaar,  ForMter  and  Wolff,  tho  high  valuos  arc 
due  to  the  presence  of  a  little  Kulphur  and  mure  uxygen.  Fdreter 
and  Wolff  assert  that  the  metal  contuinn  from  L  to  l.o  per  cent. 
of  oxygen.  The  error  is  greater  in  proportion  to  the  (|iiantity 
of  free  sodium  hydroxide  present  lu  the  electralyto,  Acrnniing 
to  the  work  of  ScbeonJ]  which  wa.s  suggested  by  Clawien,  the 
error  is  due  to  enclosed  mother-liquor  imd  is  greater  in  propor- 
tion as  the  electrode  surface  is  rough.  Srhoen,  therefore,  rec- 
ommends a  bright  electrode  surface,  or  one  that  ia  dulled  but 
slightly. 

A.  Inbelder  1  has  carefully  repeated  the  experiments  of 
ScluWD,  using  new,  polished  dishes,  but  baa  not  l>ecn  able  to 
eonfirm  Schccn's  conclusions,  D.  Ivarl  Mayr  also  obtained 
higli  ralncH  no  matter  whether  the  electrode  Burfaco  was  bright 
or  dull. 

Cleaning  the  Electrode*.     Ont  **  recommends  heating  with  a 

•  BeHcbto,  36,  3348  (1D03). 
r  7..  lUtnrg.  (Vm.,  &3,  349  (IIK)7). 
;  Z,  Kk-ktrochpin.,  IS,  205  (1!KI7). 
i  laaug.  Dimert-  Ziirich,  1910. 
It  Z.  KIcklroclicm,.  H.  "J?)?  {I'-WW). 
i  iROUg.  Dissert.  Ztiricb,  lOIO. 
••  Z.  uiHDir.  (Iivm.,  1901,  827. 
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nuxluro  of  equal  parts  concentrated  nitric  acid  and  a  saturated 
solution  of  tartaric  acid.  The  anllmoDy  will  also  dissolve 
readOy  by  heating  with  a  solution  of  alkali  polysulphide. 

Tin,  Sn.     At.  Wt.  119.0. 
Forms:  SnOj,  Sn. 
I.  Determination  of  Tin  Dioxide,  SaOj. 

Two  casos  arc  to  be  Ji^itingiiislied: 

(a)  The  Tin  is  Present  us  Metal  (in  an  AUoy), 
(6)   The  Tin  is  Present  in  Solution. 

(a)  The  Tin  is  Present  in  an  Alio}/. 
Method  I. 

In  eoae  the  tin  is  present  in  an  alloy  it  may  be  treated  accord- 
ing to  the  method  of  Busse*  as  follows: 

About  0.5  gm.  of  the  alloy,  in  the  form  of  borings,  is  treated  in 
a  beaker  with  G  c.c.  of  uitiic  acid  (sp.  gr.  1.5),  3  c.c.  of  water  are 
alowly  added  and  the  beaker  is  tiien  quickly  covered  with  a  watch- 
glass.  As  the  water  is  mixed  with  the  acid  a  violent  reaction  takes 
place.  When  the  evolution  of  nitric  oxide  (brown  vapors  on  coming 
in  contact  with  the  air)  hns  ceased,  the  solution  is  heatcil  to  boiling 
and  diluted  with  50  c.c.  of  boiling  water;  the  precipitate  is  allowed 
to  set  tie  completely,  then  fillertvl,  washed,  and  dried.  Afterburning 
the  filter,  nioisti'ning  the  .tsh  with  nitric  acid  and  drying  on  the 
water-bath,  tlie  precipitate  is  ignited,  at  first  genOy  and  finally 
strongly,  over  a  Milker  burner,  or  a  blast~lamp,  in  a  porcelain 
crucible.     It  is  weighed  aa  SnOj, 

The  tin  dioxide  thus  obtained  is  never  pure;  it  always  contains 
small  amounts  of  other  oxides  and  must  be  purified  as  follows: 
After  weighing,  the  precipitate  is  mixed  with  six  times  as  much  of  a 
mixture  consisting  of  equal  parts  calcinwl  sodium  carbonate  and 
pure  sulphur,  and  this  mixture  is  heated  in  a  porcelain-covered 
crucible  over  a  small  flame  until  the  excess  of  sulphur  is  almost 
entirely  removed.  This  point  is  easily  recogniiod  by  there  being 
no  longer  any  odor  of  SOj  and  no  blue  flame  of  burning  sulphur 

•  Zeit.  f.  anal.  Chem.,  17,  53. 
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evident  between  the  covKr  and  the  crucible.  After  cooling,  the 
melt  ifl  treated  with  a  Uttltt  liot  wHU>r,  whereby  tho  tin  guee  into 
•olutioD*  as  sodium  t>ulphoNtann»te  (cf.  Vol.  1,  p.  260), 
toother  with  some  coppi-r  and  iron.  Tho  drap-brown  liquid, 
tfaen?fore,  is  trcnted  with  Kodium  sulphite  f  solution  until  t'' 
becomi%  only  slighily  yellow  in  color,  aft«r  wliiuh  any  iron  or 
popper,  etc.,  will  be  quantitatively  precipitated  as  Bulphidea. 
Tlie  latter  are  filtered  off  and  waHhed,  first  with  water  to  which 
a  little  Mxlium  sulphide  ha^  been  added  aiKl  finally  with  hydrogen 
sulphide  water.  As  a  rule  the  amount  of  insoluble  sulphide 
formed  by  this  treatment  ia  so  small  that  after  drying  it  can 
be  ignited  in  an  open  porcelain  crucible  and  changed  to  oxide 
without  introducing  any  appreciable  error.  If  this  weight  Is 
subtracted  from  the  original  amount  of  Impure  stannic  oxide, 
the  weight  of  pure  stannic  oxide  will  be  obtained.  If,  however, 
the  amount  of  impurity  present  witli  the  rciodue  of  metastannic 
acid  should  be  large,  the  different  metals  must  be  separated, 
according  to  one  of  the  methods  for  the  separation  of  the  sid])h(>- 
basea  and  the  weight  of  each  oxide  determined  separately,  and 
the  sum  of  their  weights  subtracted  from  the  original  weight  of 
the  tin  dioxide.  Injitead  of  determining  the  amount  of  impurity 
present  with  the  tin  dioxide,  the  filtrate  from  the  insoluble  sul- 
phides can  be  acidified  with  acetic  acid  and  the  tin  precipitated 
as  yellow  stannic  sulphide,  which,  after  it  has  completely  settled, 
is  filterwi  off  and  changed  by  careful  ignition  in  an  open  porco- 
lain  cruciUe,  to  tin  dioxide,  as  described  on  p.  233,  and  weighed 
u  such. 


Method  n. 

The  alloy  is  dissolved  in  nitric  acid,  the  insoluble  metastannic 
acid  is  filtered  off  and  washed  as  in  the  first  method.     Instead  of 


*  FnqDBDtiy  a  Binglc  fusion  with  Mxlium  rarbonAte  anil  mtlphur  is  inmif- 
(wi^flt;  ihu  IB  mugTiiacd  by  obtainitiK  n  sandy  rG«iiIui>  iiiDolublo  ia  watvr. 
In  tliM  CAitc  the  Ksidup  ia  fihrn^d,  n'aolicd,  dried,  and  the  fiuiiun  repratod 
uotil  nil  til*'  tin  ia  hroiii^t  into  mhirion. 

t  IIh-  MKliura  milphitr  rhAnges  the  noHinm  polysulphidc  tr  monoAulphide, 
Ea  which  copper  and  irun  sulphidoi  arc  iiualuble. 
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drying  and  igniting  the  precipitate,  however,  it  is  washed  into  a 
porcelain  evaporating  dish,  evaporated  on  the  water-bath  almost 
to  dr>-nc8B,  and  then  treated  with  1  c.c.  of  pure  sodium  hydroxide 
solution  and  10-15  c.c.  of  eonccntrated  sodium  sulphide  solution 
(sec  foot-noto,  p.  225).  The  evaporating  dish  is  covered  with 
a  watch-glass,  and  the  dish  with  its  contents  !.<?  heated  for  about 
45  minutes  on  the  water-bath,  whereby  all  the  tinishoulil  pft.*i  into 
solution,  and  the  other  metals  remain  undissolved  as  sulpliidca; 
they  are  removed  by  filtration. 

The  filler,  upon  which  the  nietastannic  acid  was  filtered,  still 
retains  some  of  the  precipitate.  It  is,  therefore,  laid  in  a  second 
small  evaporating  dish,  covered  with  about  1  c.c.  of  sodium  sul- 
phide solution*  iuid  lieated  on  the  water-bath.  Aft«r  half  an  hour, 
the  tin  should  all  be  diaaolved.  The  solution  is  poured  through 
a  .sniflll  filter  and  the  latter  is  washed  with  a  little  hot  wat«r. 

The  two  filters  are  dried,  iKnited  in  a  porcelain  crucible,  the  ash 
treated  with  a  small  quantity  of  strong  nitric  acid  and  the  re- 
sulting solution  is  added  to  that  obtained  by  the  solution  of  the 
alloy  in  nitric  acid. 

For  the  determination  of  the  tin,  the  two  solutions  containing 
sodium  thiostannatc  are  combined,  acidifiyd  with  acetic  acid  and 
boiled  to  expel  the  hydrogen  sulphide.  The  precipitated  stannic 
sulphide  is  filtered  off,  washed  once  with  water  to  remove  the 
most  of  the  alkali  salts,  then  transferred  back  to  the  original 
beaker  and  dissolved  in  10  c.c.  of  .SO  |>er  cent,  caustic  potash, 
and  1  gm.  tartaric  acid,  thejtc  quantities  sufficing  for  0.1  to  0.2 
gm.  (if  tin,  (Tlie  last  traces  of  pwcipitate  adhering  to  the  filter 
arc  di-wolved  in  a  very  little  sodium  sulpliidc  solution.)  To 
the  solution,  pure  30  per  cent,  hydrogen  peroxide  (Perhydrnl, 
Merck)  is  added  until  the  yellow  liquid  become-s  perfectly  colorless, 
then  a  cubic  centimeter  in  cxcck-h.  The  solution  is  boilwl  for 
about  ten  minutes  to  make  sure  thai  the  oxidation  is  complete, 
and  that  the  excess  of  peroxide  is  decomposed.  .\a  soon  ns  no 
more  bubbles  of  oxygen  arc  evolved,  the  solution  is  nllowed  to 
cool  somewhat  and  15  g.  of  oxalic  acid  dissolved  in  a  little  hot 
water  arc  cauiiously  added.  The  worm  solution  is  cloctrolyicd 
directly  as  described  on  page  234. 
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The  precipitatwl  stannic  sulphide,  as  obtained  above  by 
mcidifying  tlie  sodium  tliiostnnnai-c  HoUit.ion,  infly  Iw  igiiiletl  In  a 
portrciain  crucible  and  weiphed  as  SnOs.  The  results  are  usuiilly 
a  little  bittli  nnd  the  method  is  not  iw  accurate  as  the  electro- 
lytic determination.     Cf.  page  233;  j?. 


Method  m. 

The  traiwUtor  prefers  to  use  a  more  dilute  nitric  acid  for 
dissolving  the  alloy  than  was  recommended  by  Buasc.  It  ia 
poe«yble  to  obtain,  in  this  way,  residues  of  metasiannic  arid 
which  are  fully  as  pure  and  the  work  is  not  as  unpleasant  as  when 
the  more  concentrated  acid  is  employed.  This  method  ia  rccom- 
meaded  for  the  analysis  of  phosphor-bronze. 

Procedure. — 0.5  giu.  of  borings  are  disaolvcd  in  a  small  beaker 
with  15  c.c.  off  nitric  acid,  sp.  gr.  1.2.  The  solution  is  evaporated 
juat  to  dryness  on  the  water-bath,  and  the  iH-'iiker  removed  as 
90OO  as  this  stage  is  reached.  A  mi.vturc  ia  prepared  of  20  c.c. 
nitric  acid  sp.  gr.  1.2,  and  40  c.c.  water  and  thi£  is  divided  into 
Have  portions.  The  nwiduo  is  treated  succes.'iivcly  with  each 
portioo  of  the  above  mi.<iture,  each  time  heating  to  boiling  and 
decanting  o(T  the  solution  through  a  hardened  filter  paper.  The 
washing  is  coutpletod  by  bulling  and  decanting  with  a  I  per  rent, 
soluiiou  of  ammonium  uiuate.  As  mueh  of  the  precipitate*  a» 
poaaible  is  allowed  to  remain  tn  the  original  beaker,  and  the 
total  volume  of  the  ftltrate  shouhl  not  exceed  150  c.c.  The  first 
portions  of  the  fdtrute  are  canifully  examined  fur  met-ostannic 
acid,  refiltcrcd  if  neeesfary,  and  each  succceaive  portion  removed 
from  below  the  funnel  before  new  wn«h  water  is  added. 

The  mtidue  of  Hlightly  tmpuro  metH^tannJc  acid  is  treate<J 
as  dcscrilK'd  under  citlicr  of  the  aliuve  methmlH.  In  case  Method 
II  is  chosen,  however,  it  is  mlvisable  to  tn-at  the  filters  containing 
the  residue  from  the  MKlium  sulphldir  trcaintent  with  lo  c.c.  of 
hot  dilute  nitric  acid  (7  c.c.  HNOa,  sp.  gr.  1.2  and  8  c.c.  water) 
instead  of  burning  anrl  trealin;:  with  nitric  arid  as  directed 
above.  The  resulting  soUition  of  the  impuritirs  that  were 
originally  present  in  the  metastannic  acid,  is  filtered  and  added 
in  m  porcelain  crucible  and  the  aoh  weighctl  as  SnO^.    The  amount 
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thua  found  is  added  to  the  result  obtained  from    the    sodium 
thiostannate  solution. 

Remark. — Sometimes  a  little  metastannic  acid  is  left  undi»- 
solved  by  the  treatment  with  alkaline  sulphide.  It  is  not  safe, 
therefore,  to  discard  the  filters.  In  the  analysis  of  phosphor- 
bronze,  the  copper,  lead  and  phosphorus  may  be  determined 
as  described  on  page  239. 

(/>)    Tin  itt  Prfjicnt  in  Solution 
(a)  The  Solution  Contains  Tin  only. 

If  fhe  solution  contains  only  tin  in  the  form  of  stannic  salt 
(chloride  or  bromide),  a  few  drops  of  methyl  orange  are  added, 
and  then  ammonia  until  the  pink  color  of  the  indicator  b 
changed  to  yellow.  Ammonium  nitrate  (obtained  by  the  neutral- 
ixatioo  of  20  e.c.  of  concentrated  ammonia  with  nitric  acid)  is  added 
and  the  solution  is  diluted  to  a  volume  of  300  c.c.,  heated  to  boiling, 
filtered  after  the  precipitate  has  settled,  washed  with  hot  water 
containing  ammonium  nitrate,*  dried,  ignited  in  a  porcelain 
crucible,  and  weighed  as  SnOj. 

Remark. — If  the  solution  contains  non-volatile  organic  acids, 
this  method  cannot  be  tised  for  the  determination  of  tin,  In  this 
case  the  tin  must  be  first  precipitated  a.^  sulphide  by  means  of 
hydrogen  sulphide  (cf.  p.  233),  If  the  tin  is  not  in  solution  as 
Btannic  salt,  but  as  stannous  salt,  the  soluUon  must  be  first  oxidized 
by  the  addition  of  bromine  water  until  a  permanent  yellow  cnlor  is 
obtained,  after  which  the  solution  ia  neutralized  uilh  ammonia  and 
treated  as  above  described. 

According  tn  J.  Lowcnthal,  tin  may  be  precipitatca  from  slightly 
acid  stannic  chloride  or  bromide  solutions  in  the  presence  of  ammo- 
alum  nitrate.  Methyl  orange  is  added  to  the  solution  and  then 
ammonia  until  a  yellow  solution  is  obtained  ;t  dilute  nitric  acid  is 
nowfldded,  liriipby  drop,  until  the  solution  just  becomes  pink  again, 
more  ammonium  nitrate  solution  is  added  (20  cc.  of  conc^tntrated 
ammonia  exactly   neutraliwd   with   nitric  acid),  the  solution  is 

*The  ammonium  nitrate  preveDla  the  (oramtiun  uf  soluble,  unorpbout 
sljutnic  Hcid;  it  "mUUi  uiit"  tlii;  jirecipiUtc  (cf.  Vol.  1). 

1  Tbs  excess  ot  ucid  cannot  be  removed  by  evapgratioo  on  acoouat  of  tha 
volatility  of  staiuiic  cbluridc. 
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dQutfd  to  300  cc,  boiled  for  some  tiiiip,  FdlereiJ,  waslied  with  water 
containing  atiimoniutn  nitrau.',  (Irkxl,  igiiiLe<I,  und  weighed  as  SiiO,. 
This  method  is  employed  when  tlie  tsululiuD  contAina  Binall  aniotmta 
of  Blkaline  earths;  they  renmiii  insuluticm.  StKlium  siiljihate  can 
be  used  instead  of  aminoiiiutn  nitrate  to  "salt  out"  the  tin  precipi- 
tate, but  although  the  tin  will  be  ([uanlita lively  precipitated,  suiiie 
fiodhun  Bolf^ate  will  be  also  throHii  down,  so  that  high  results  will 
be  obtained. 


I 


(fi)  The  Soiitiioji  Contains,  besides  Tin,  Metals  of  the  Frectding 
Groups  or  Or'janic  Substancis. 

In  tlua  ca»,  independent  of  whether  the  tin  19  present  in  the 
fonu  of  stannic  or  stannous  salts,  hy>(lrogen  sulphide  is  conducted 
into  the  dilute  solution  until  it  is  saturated  with  the  res;  the  solu- 
t»i>n  is  allowed  to  stand  until  the  odor  of  hydrogen  sulphide  hat 
ftlmoat  diaappearetl  and  then  filtered.  The  preci]»ita1e  is  wastied 
with  a  solution  of  atnmonium  nitrate  (or  ammonium  acetate), 
dried,  transferred  ns  completely  as  jMisaible  to  a  porcelain  crucible, 
and  the  ash  of  the  filter  added.  Tlie  tin  sulphide  is  at  Qrst  gently 
healed  in  a  covered  crucible  to  avoid  loss  by  decrepitation,  and  afler- 
wards  in  an  0]>en  crucible  until  the  odor  of  sulphur  dioxide  Ls  no 
loogi  r  jxTceptible.  The  teniinrature  now  is  raised  gradually  imiil 
finally  Uie  full  heat  of  a  good  Teclu  burner  h  obtained  or  the  cruci- 
ble ia  beat«d  over  the  blast-lamp.  As  tin  dioxide  holds  faflt  to 
•ome  sulphuric  acid  with  grt;at  tenacity,  after  cooling  the  cmcible 
•omeu  hat  a  piece  of  ammonium  carbonate  the  size  of  a  pea  is  added, 
the  crucible  covered  and  again  lieated,  after  which  it  is  weighed  as 
SnO^  The  beating  with  the  addition  of  armnoniuni  carbonate  18 
ripefltfd  until  2  constant  weight  ta  obtuiited. 

Hrmark. — F.  Hen*  *  in  testing  this  method  always  obtainod 
roaulta  which  were  a  little  too  high.  This  Is  due  to  the  fact  that 
it  is  difficult  to  wash  the  stannic  sulphide  precipitate  free  from 
•odium  salts.  The  author  recommend!;,  therefore,  dissolving 
tbe  well-waahed  stannic  sulphide  precipitate  in  a  little  sodium 
aalphide,  transforming  this  solution  into  potassium  stannioxalate, 
and  determining  the  tin  by  ctertrolysis,  affording  to  page  231, 
*t  oporit.  Cbptn,  3;,  ay  (IVKKIJ.  """ 
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a.  Delenninttion  of  Tin  as  MetaL 

The  electrolytic  dc^position  of  tin  from  a  solution  of  the 
ammonium  douhlo  oxalaU'  gives  excellent  rusults.*  It  is  ncceasary, 
however,  thut  some  frei^  oxalie  aciil  is  always  preaont  while  the 
solution  ia  uuderKuiiig  elcctrolyais.  Duriiiy  tlic  process,  ammo- 
nium  oxalate  is  changRti  by  anodic  oxidation  iato  ammonium 
ticarlK)natc  and  carlx>n  dioxide, 

C30r+2H20+2©  =2HC03"+2H+ 

and  the  solution  will  smell  of  ammonia  as  a  result  of  the  hydroU-ais 
of  ammonium  curbonatu.  When  thiis  point  \&  reached  no  more 
tin  18  depoBitiKl.  The  aimuunia  often  preciijibites  some  stannic 
acid,  wliicli  escapes  the  electrolysit;.  It  is  necessary,  therefore, 
to  avoid  letting  the  Imlh  become  nmiuoiiiac-al,  and  this  is  best  nc- 
cumplished  by  adding  u  little  solid  oxalic  acid  from  time  to  time. 

Procetlure. — lu  the  course  of  nii  imalysas  it  is  usually  necessary 
to  precipitate  the  tin  from  a  solution  of  alkali  thioatannatc.  This 
is  best  aecomplishod  as  folluu's:  The  thio-salt  is  decomposed 
by  acidifying  with  acetic  acid,  the  deposited  sulphide  disaolved 
in  caustic  potash  solution,  the  solution  oxidized  with  hydrogen 
peroxide,  and  finally  ncidified  with  oxalic  acid,  all  exactly  aA 
described  on  page  230.  The  final  solution,  about  loO  c.c.  in 
volume,  is  heated  to  GO^-TO"  and  electnjlyzed  with  a  current  of 
1  ampere  and  3—1  volts  potential  at  the  electrodes;  from  time 
to  time  a  little  solid  oxalic  actd  is  added.  At  the  end  of  about 
aix  houTH  all  the  tin  will  have  l>oo[i  deposited  uinin  a  gause 
electrode.  The  deposit  Is  washed  with  water,  exactly  as  pre- 
scribed for  nickel  on  page  136,  then  wilh  water,  dried  by  liolding 
above  a  ilame,  cooled  in  a  desiccator,  aod  weighed.  The  results 
are  excellent. 

liemark. — If  ammonium  oxalate  is  used  in  place  of  the  potas- 
sium oxalate,  the  elcctrolywiH  n*ipiiii!s  mom  lime  (eight  to  ten 

•  Cf .  rimsHun's  "Quiuit.  Aii»l,  by  ElecLrCflyiiis "  nnii  liiS  "  AuascwiJill« 
Ht>thodcu  «lcr  aoalvtbcheQ  Chemtu." 


b).    By  the  addition  of  hydroxylamino  the  duration  of  the 

trolyBia  is  shortened  (Kiigcl). 

F.  Hens  proposed  to  prevent  the  bath  becoming  ammoniacal 
by  adding  aulphun'c  acid  durinp;  the  counw  of  the  electrolysis, 
but  subsequent  experiments  have  shown  that  it  is  bettor  to  pro- 
ceed as  described  above.  If  too  much  sulphuric  acid  is  added, 
all  the  tin  is  not  precipitated.  The  chief  conditions  are  the 
imaeaoe  of  enough  oxalate  and  a  slightly  acid  solution. 


Separation  of  Arsenic,  Antimony,  and  Tin  from  the  Members  of 
the  Ammonium  Sulphide  Group. 

Tlie  separation  U  pffeeted  hy  passing  liydrogf-n  .tuliiliiile  inta 
the  acid  solution  of  tlie  above  motala  whert-by  arsenic,  antimony, 
and  tin  are  precipitated  as  sulphides,  while  the  remaining  metals 
remain  in  solution. 

From  an  alloy,  or  the  solid  sutpho-salta  of  the  alw>ve  metals, 
araeniCf  antimony,  and  tin  may  be  readily  volatilized  by  heating 
fal  a  «iream  of  chlorine;  the  chlorides  of  these  throe  melali  are 
readily  volatile,  while  those  of  tlie  renmining  metals  are  only 
diSctilUy  ao. 


SeparatioB  of  Arsenic,  Antimony,  and  Tin  from  Mercury,  Lead, 
Copper,  Cadmium,  and  Bismuth. 

If  the  metals  are  all  in  solution,  they  are  i)reci[)itute(I  by  means 

of  hydrogen  sulphide  and  the  precipitated  sulphides  after  being 

[filtered  and  washed   are   treated   with   alkali  sulphide  solution. 

>3f  merrary  is  present,  ammonium    pnlysiiliihide  should  lie  umkI, 

but  in  the  absence  of  this  metal  sodium  itolyaulphidc  worlts  better 

{ri   Vol.  I.) 

If  the  metaU  of  this  group  are  in  l!ie  form  of  an  alloy  (arsenic 

and  mercury  are  wldom  met  with  to  any  extent),  the  antimony 

^and   tin  are  »eparate«l  from   the  remaining  metals   on    Irealing 

[the   alloy    with   nitric   acid.     The   tin  is  left  bt'hind   as   ineta* 

tannic  acid,  insoluble  in  dilute  nitric  acid,  with  the  antimony 

nearly  insoluble  antimonic  acid.     In  the  presence  of  tin,  all 

phosphorus  and  arsenic  iire  thrown  down  in  the  in^^ilnblx'  n-Hidm- 

aa  phosphate  and  arseniato  of  mctastannic  acid.     I'ln    Mnall 
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amount  of  the  lattrr  (aikI  the  n'mn-ining  rnotals  of  thus  group)  are 
prccipitfltPiJ  by  hydrogon  sulphide  and  separated 
from  the  copper  group  by  mcariB  of  alkaline 
sulphide  solution. 

The  st^pitraiiuti   (if  tin  from   the  reniaininf; 
^         metals  of   the  grmip  can  be   iUuBtrati-il    by   a 
\      practical  example. 


Analysis  of  Bronzes. 

Method  I. 

A  bronze  is  aji  alloy  of  tin  and  copper  in  vary- 
ing proportions.  It,  ainiotit  always  conlain-n 
besides  those  metal.s,more  or  less  lead,  aluminium, 
iron,  manganese,  zinf,  and  phasphoriis, 

l^roccilurc. — .A,bout  0.5-1  gm.  of  the  alloy  in 
the  form  of  borings  *  is  placed  in  &  beaker, 
treated  with  6  c.c.  of  niti-ic  acid.sp.  gr.  l.o.t  ami 
3  c.c.  of  wnier  aro  added,  after  which  the 
beaker  is  immediately  covered  isith  a  watch- 
glass.  When  the  reaction  begins  to  diminish, 
the  liquid  js  heated  li>  boiling,  until  no  nuire 
brown  fumes  are  evolved,  when  50  c.c.  of 
boiling  water  arc  added;  the  precipitate  (cnn- 
Fm.  KJ,  laiuing  all  the  Un,  the  phosphoric  acid,  and  always 

email  amounts  of  copper  o.vide)  is  allowed  to  settle  completely, 


*Tho  borinita  an;  ueually  Bomcwliiit  bilr,  in  which  casp  lltcy  cliould  ha 
waflhrd  with  tllicr  thnt  Iiiii*  liwn  (iiRtillod  over  ]K)tiuth.  dru-d  At  about  KI^C, 
and  "WPiKhcd  ultor  coolinK  in  a  dcsiocaUir.  Tho  vrashlnt;  with  ctlipr  w  Iwst 
OPfomplinhcd  ill  a  SoxIiU-I.'n  fivt-cxtnirlinn  ii[ipnmtii]>.  it*  A\nvm  in  llg.  Ifl. 
The  Ijoriups  are  placc-d  in  tlie  c\tm(tion-tubc,  which  is  filled  with  i-thtT  nearly 
Up  to  Uiv  bend  h  vf  Ihv  &iphon-ann.  The  CuIk.'  U  IIk-ii  cunncoli^d  with  thi- 
condenwr  K.  .Aiter  litis  frnni  20  to  .10  cr.  nf  rthor  Arc  added  to  the  flank 
Mid  this  is  hfatod  gently  on  llic  watrr-l>ath.  ITic  clher  vapnw  iiaw  tlin>UKh 
the  wide  Mide-anu  to  the  cundeiuter  K,  wh«ns  thi^y  nro  condciiBed  uid  drx>p 
upon  th«  1)orlti|;s.  As  Kooo  as  tlii<  i>lhc?r  in  the  tubs  has  retched  the  height 
b,  it  is  wpboiK-d  baek  iuto  tltc  Qusk,  whoro  it  is  nffala  dlBtillvd.  AU  thu  uil 
will  to  tcmovul  from  the  boring  in  Trom  half  an  hour  to  an  hour. 

t  See  pa£C8  '£16  aval  til. 
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is  filtered,  trashed  with  hot  wat<?r,  dried,  Ignited  in  a  porcelain 
crucible,  and  weighed.  In  this  way  the  weight  of  the  t5nOj+  I'jO*"** 
forrign  oxide  is  obtained.  In  order  to  obtain  the  weight  of  foreign 
oxide  (chiefly  copper  oxide)  the  precipitute  Is  fused  with  a  mix- 
ture of  sodiuin  carbonate  and  sulphur  as  described  on  p.  '£2^ 
Tbc  sulphides,  remaining  after  the  solution  of  the  melt  in  hot 
•water,  are  filtered  ufl",  converted  into  oxides  by  ignition  in  tlie 
air.  and  weighed.  By  subtracting  this  weight  from  ttiat  ])re^ 
Ttouaiy  obtained,  the  weight  of  SnOi+r^O^  is  obtained.  In  order 
to  obtain  tlie  weight  of  the  SnO,  a  separate  portion  is  analyzed 
•ooording  to  the  ntetluHl  of  Oettel  as  de&cribed  bf^low  for  phos- 
pborio  Bckl,  and  the  amount  of  phoeplioric  anhydride  subtracted 
from  the  wTight  of  i>nO,+P,0j. 

The  oxides  obtained  by  Utc  ignition  of  the  insoluble  sulphide! 
an  diMiilved  in  a  UtUo  lulric  acid  (in  case  I'^CjO,  is  present  ■ 
little  hydrocldoric  acid  is  iiUo  nHcessarjO  and  the  solution  of  the 
nitrates  is  added  to  the  hxst  fitlrati-  fmm  ttie  impure  metastannio 
&dd.  To  tliie  solution  an  excess  of  dilute  sulphuric  acid  is  added, 
and  it  is  evaporated  on  the  walcr-bath  aa  far  as  jxissible  antj  then 
heated  over  a  free  (lame  until  dense,  white  fumes  of  sulphuric 
add  are  evolved.  After  ooolhig,  50  c.c.  of  water  and  20  c.c.  of 
■leohot  are  added,  the  precipitate  uf  lead  sulphate  is  filterrd  off 
and  its  weight  determined  hs  descrtl)ed  un  p.  VIA.  The  filtrato 
from  the  leail  sidpliatc  is  healed  to  remove  the  alcohol  an<l  the 
Clipper  preripitaietl  by  nn!Ui8  of  hydrogen  sniphidc  and  wetglipd 
as  Cu^  according  to  p.  183.  In  the  fillnite  fmm  the  copper  sul- 
phkle  the  iron,  aluminium,  and  zinc  (also  manganese)  will  be 
fouml.  It  ifl  evai>oraU!d  to  a  rtiiiill  vohimo  in  order  to  expel  the 
hydrogen  sulphide,  oxi<lizcd  by  the  udiliiinn  of  a  few  drops  of 
ooDoentrated  nitric  acid,  and  the  iron  ami  aluminium  separated 
from  the  zinc  by  means  of  a  double  precipitalioii  with  limmonia,* 
wbprrby  the  mm  and  aluminium  ore  h'ft  ijehind  aa  hydroxides 


*  )(  i7<ii>«>(l>T»l>l<>  tiiic  U  prcsciil,  tlio  nl)oveiM-[>iirftliuii  is  inoxaot.  In  this 
thf  lillraW  fmiii  ttip  i->»pp»T  BulphJdn  ia  troatrd  with  Kidiurn  AccUtte, 
to  00°,  Mtumipd  with  IrydroRPn  sulphide,  and  the  iron  and  aluminium 
AaafmiOMl  in  thp  fillnitr,  tliv  iiiir  in  lliv  prmpitato.  If  manKimcM.-  jj 
pnsHit  in  Uw  alloy,  it  ahmttd  be  acpanted  from  iron  and  alumiuiuiu  at 
<i— ritwl  on  pp.  U9  to  1&5. 
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and  are  separated  and  deterTnm<Ml  ucm'-dirig  to  p.  107.  The 
zinc  Is  precipitated  from  the  filtrate  after  acidifyiriK  with  acetic 
acid,  by  passing  hydrogen  sulphide  into  the  boiling  stiluiicju.  The 
prwiipitatcii  zinc  sulphide  is  filtered  off,  dissolved  in  hydrochloric 
acid,  evaporated  to  ilnness  in  a  weighed  platinum  dish,  and  tran»* 
foriutJ  to  oxide  by  heating  with  tncrctiric  oxide  by  Volhard's 
method  (cf.  p.  1 13). 

For  tfif  phosph<>rus  dflennination  Oettel  *  recommends  the  fol- 
lowing procedure:  From  2--^)  gmg.  of  the  substance  are  dissolved, 
aa  beforu',  in  uitric  acid,  and  Iht:  impure  mt'tiwtannic  acid  with  all 
the  phosphorus  is  Ultered  off,  dried,  and  Lrausferred  as  com- 
pletely as  possible  to  a  porcelaia  crucible.  The  ash  of  the  filter 
Is  added,  and  the  contents  of  the  crucible  ignited.  After  cooling, 
the  substance  is  mixed  with  three  times  as  much  solid  potas.-(ium 
cyanide,  the  crucible  covered,  and  the  contents  fused;  the  stannic 
oxide  is  reduced  to  metal, 


SnO, + 2KCN  -  2KCK0+ Sn, 

whilo  the  phosphoric  acid   ia  converted  into  potassium  phoe- 

phato. 

By  skilfully  rotating  the  crucible  during  the  fusion,  it  is  possi- 
ble to  unite  the  small  particles  of  molten  tin  into  a  larger  button 
whereby  the  subsequent  filtration  is  greatly  faciUtated.  .Vfter 
cooling,  the  melt  Is  treated  with  water  and  filtered.  The  filtrate 
is  cautiously  treated  with  Iiydroehluric  acid  under  a  good  hood 
and  boiled  to  remove  the  hydrocyanic  acid.  It  is  then  saturated 
with  hydrogen  sulphide  in  order  to  remove  traces  of  copper  and 
tin  wtiicli  aliiiotjl,  always  remain  in  the  sokilion.  The  filtrate  is 
freed  from  hydrogen  sulphide  by  lioiHng,  made  ammoniacal,  and 
the  pJiosjihorir!  acid  precipitated  as  magnesium  ammonium  phos- 
phato  ')y  the  addition  of  magne-^ia  mixture.  .Vfter  standing  for 
twelve  hours,  the  lattor  ia  filtered  off,  washed  with  21  per  cent. 
ammonia  water,  dried,  and  rhangod  hy  ignition  to  ma^esium 
pyrophosphate,  in  which  fonn  it  iw  wi-ighcd. 

'  Cheiiiiker-Zeituiig  (1890),  p.  19, 
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Oniiuaiy  bronzes  may  be  analyzed  very  nicely  in  the  fol- 

»-ing  manner:  The  alloy  is  treated  with  nitric  acid  as  described 

above,   the   metastaniiic   acid   removed   by    filtration   and   the 

iltmte  electrolyzcd,  using  a  dull  platinum  di^h  a.s  cathode,  and 

plate  as  anode,  both  of  which  are  weighed.     The  electrolysis 

carried  out  with  a  current  of  1  to  1.2  amperes  at  al>out  Ctr  and 

tt  the  end  of  two  and  one-half  to  three  houm  the  electro<lca  are 

led  without  breaking  the  circuit.   On  the  anode  will  be  found 

1*11  the  lead  as  PbO,  and  on  the  cathode  will  be  found  the  copper. 

IThe  siphoned  solution  contains  the  iron,  aluminium  and  zinc, 

I  which  are  determined  as  above.    The  phosphorus  is  determined 

in  a  special  sample. 

Remark. — ^The  method  just  outlined  will  give  exact  results 

only  when  the  metastaonic  acid  is  purified  and  the  recovered 

MlutioQ  of  copper  and  lead  nitrates  added  to  the  main  solution. 

In    the   electrolysis,  the  chief  dangers  to  be  feared  are  having 

.the  solution  so  acid  that  the  copper  is  not  all  precipitated,  or 

Iso  dilute  that  a  B|>ong>'  deposit  is  obtained. 


Method  n. 

An  excellent  method  for  the  analysis  of  phosphor  bronM  con- 
I  in  dissolving  the  alloy  oh  (IfscriU-d  underTin,  Method  III,,  p. 
11,  and  determining  the  tin  as  then-  descrilii^d.  Tho  ropp^T  and 
arc  determined  in  the  nitric  acid  Holution  by  clectroly.'gs  with  a 
current  of  0.2  ampere,  the  copper  being  depo.-iitefl  nn  the  cathode 
_And  the  Icoil  OS  peroxide  on  the  anotle.  The  electrolysis  in  usually 
in  twelve  hours,  but  it  is  well  to  clean  the  electrodes  after 
si^ng  the  dcpositii  and  then  to  test  the  solution  with  the  current 
an  hour  or  so  longer  to  ace  whether  any  lead  or  copper  nrmains 
in  the  Rohition.  Often  a  little  more  copper  will  be  found,  (^prcially 
if  the  solution  was  a  littlu  too  acid.  During  the  cleetrolysis  the 
concentration  of  the  acid  gradually  diminishes  so  that  eventually 
all  the  copper  will  be  thrown  down.  The  iron,  aluminium,  and 
nnc  remain  in  scilution,  and  are  determined  a^  above  outlined. 

For  the  phatphorus  determination,*  one  gm.  of  the  borings 
H  weighed  into  a  small   l»>aker  tmd  dissolved  in  20  c.e.  of  aqua 

•Cr.  I>ildley  and  PeoMi,  Eag.  aod  R.  R.  Joura.,  Mvch,  1804, 
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regia,  made  ty  mixing  equal  volumes  of  the  concentrated  acids 

just  previuua  to  u»\  The  b<!ftker  is  covered  with  a  watch-glasa, 
and,  after  solution  is  compIot'C,  the  contonts  honied  nearly  to  boil- 
ing for  fifteen  minutos.  After  cooling,  25  c.c.  of  water  are  added, 
and  then  just  svifficient  ammonia  (sp-  gr.  U.9U)  to  redissolvo 
the  co[»i>er  liydroxidc*  and  to  produce  a  deep  blue  colored 
solution;  thereupon  oO  c.c.  of  colorless  ammonium  sulphide  are 
introduced.  This  should  be  enougli  to  precipitate  the  sulphides, 
and  the  supernatant  liquid  should  show  no  blue  color.  If  it 
docs,  more  miunouium  sulphide  must  be  abided.  Tho  solution 
is  dificsti'd  at  a  temperatuiv  near  the  l)oilit<j;-point  for  fdttvn 
minutes,  the  preeipitateil  sulijliides  of  (■oj>[itT  and  leiui  allowed  to 
settle,  and  then  filter^-d  into  a  30D  c.e.  Ericnmcycr  flsuk,  decanting 
the  clear  liquid  carefully  from  the  precipitate,  and  fmally  throwing 
the  precipitate  upon  the  Biter,  ^lien  the  fUter  has  drained  tho 
filter  and  precipitate  is  returned  to  the  beaker,  50  c.c.  of  ammonium 
sulphide  ivash  water  (one  part  colorless  ammonium  sulphide  to 
three  parts  of  water)  are  added,  and  the  mixture  is  heated,  and 
stirred  uccasionally,  for  ten,  minutes;  it  is  then  poured  upon 
another  fdtcr,  washed  with  ijfl  c.e,  of  ammonium  sulphide  wath 
water  and  allowed  to  lirain  eompletdy.  The  total  volume  should 
not  he  over  li.'jO  c.c.,  but  it  is  not  necessary  to  evaporate  in  case 
this  volume  is  slightly  exceeded.  To  the  filtrate  10  c.c.  of  mag- 
nesia mixture  are  added  and  the  solution  shaken.  The  flask  ia 
place<l  in  ice  water  and  allowed  to  stand  with  occasional  shaking 
for  two  hours.  The  precipitate  of  magnesium  ammutiiuni  phos- 
phate is  filtered  upon  a  small  filter  and  washed  with  ammonia 
water  (one  part  0.90  sp.  gr.  ammonia  to  three  parts  water)  until 
nearly  free  from  sulphide.  10  c.c.  of  hydrochloric  acid  (one  part 
HCl,  sp.  gr.  1.20,  to  four  parts  water)  are  placed  in  the  flaak| 
taking  care  that  all  of  the  precipitate  adhering  to  the  walls  of  tho 
flask  is  dissolved,  and  then  poured  through  the  filler,  allowing  the 
solution  to  run  into  a  Xu.  I  beaker.  The  flask  and  filter  are 
washed  with  10  c.c.  more  of  the  same  acid.  3  c.c.  of  magnesia 
mixture  are  added  to  the  filtrate,  wliich  is  heated  to  boiling, 
removed  from  the  ilame,  and  then  treated  with  ammonia  (sp.  gr. 
0.96  =  10  per  cent.  NHa)  until  the  latter  is  present  in  large  excess. 


*  A  itrecipitau;  u(  leiuJ  ur  Lui  hyilrnxide  a>mains  insoluble. 


Tlic  solution  is  allowed  lo  stanU  in  ico  waU'r  for  two  hours,  ami  ia 
slirrt'd  occasionally.  The  prLTipilatcis  then  filterfd  and  washed 
wiih2(  per  cent,  ammonia  w»tcr  until  free  from  chlorides,  and 
ignited  with  the  usual  precautioas,  welgliing  as  Mgsl^O?. 

SEPARATIOK  of  the  StTLPHO-ACIDS  FROU  ONE  ANOTHER. 

I.  Arsenic  from  Antimony. 
(a)  Method  oj  Btinsen* 

Prineipie.— If  a  slightly  acid  solution  of  an  alkali  arsRiute 
and  antimonatc  is  treated  with  hydrogen  fiulphide  in  the  ooM 
aiid  the  excess  of  the  latter  immediately  removed  by  conduct- 
ing air  through  the  solution,  the  antimony  ia  quantitatively 
precipitated  as  pent&sulphide,  while  the  aracnic  remains  in  solu- 
tion. 

ProctdvTe. — .\ssumc  the  arsenic  and  antimony  to  be  present 
in  the  solutiuii  us  ar»eiiiuu»  and  antimonous  acid.-*.  Iloth  ele- 
nMSiU  are  precipitated  by  hydrogen  sulpliide,  filtered,  and  washed 
with  wat#r.  lie  greater  part  of  the  precipiiaU^  is  transferred 
by  nicai!8  of  a  spatula  to  a  200-c.c.  porcelain  casserole,  and  tho 
precipitate  remainiiiK  im  the  filter  is  dissolved  into  the  casarole 
by  dropping  a  solution  of  hot  dilute  pure  caiLstic  potash  ui>on  it. 
Trom  :j-5  ems.  of  pure  solid  catmiic  alkali  are  added,  and  the 
precipitate  dissolves  to  a  clear  i!^)hitiou.f 

The  casserole  is  now  covered  with  &  perforated  wat-ch-glass. 
It  H  placed  upon  the  water-bath,  and  chlorine  is  conducted  into 
t3ie  volution  until  all  the  alkali  is  dec<.uii]M>!!ied;  tins  lakes  from 
onohalf  to  three-tpiarters  of  an  hour.  By  this  operatiyn  the 
anenite  and  antimonitc  are  oxidized  tn  arsenate  and  antimonate 
and  a  amall  amount  of  potassium  clilorale  is  formed.  Concen- 
tnUed  hydrochloric  acid  is  now  ailded  to  the  warm  solution  drop  by 
drop  from  a  pipette  until  all  the  chlorate  is  decomposed  and  no 
more  dikirixie  is  evolved.  The  waUli-cIass  is  reniuvud,  the  si-ilu- 
tioa  n  evaporated  to  half  ils  ^'olumo,  and  then  an  ec|uul  amount  of 
eooeentrated  hydrochloric  acid  is  added  and  tlic  solution  again 

*  Aon-  d.  Cbem.  und  Pharm.,  IBS,  SOS. 

t  U  aflaUino  nirthH  wrni  the  unly  nietalu  pnw^nt  bwdes  th«  kreenic  and 
HiiiMmy,  the  fint  pi  jcipitation  with  tiydrogvo  Bulphi<Iu  would  be  omitted. 
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evaporated  to  half  its  volume,  Tlie  contents  of  the  coaserole 
are  wftshed  hy  means  of  dilute  hydrochloric  acid  into  a  large  beaker, 
dilut<'d  with  water  to  a  volunm  of  (500  c.c.  and  for  everj'  decigram 
or  less  of  the  antimony  100  c.c.  of  freshly  prepared  hydrogoa 
sulpliidc  water  axe  added.  An  orange  precipitate  of  antimony 
pcntasulphide  b  formed  at  the  end  of  a  short  time.  A  strong 
current  of  air  (fillered  through  a  wad  of  cotton)  is  then  passed 
through  the  soUition  without  delay  until  the  excess  of  hydrogen 
sulphide  is  completely  removed;  this  usually  requires  ahout 
twenty  minutes,  In  order  to  avoid  loss  during  this  operation 
a  large  beaker  should  he  uned  to  contain  the  solution  and  it  should 
be  covered  with  a  perftiriil-ed  watch-glass.  The  precipitate  of 
antimony  pentawulpliide  is  likely  to  contain  traces  of  arsenic 
pentaaulphide  fto  that  it  is  diHsoIved  once  more  in  caustic 
potash  and  the  aliovc  operation  ri>i)eat«l.  ITae  precipiljjtc  now 
obtained  will  he  pure  antimony  pc-ntaaiilphidn.  It  is  filtered 
through  a  Gooch  crucible,  dried  at  280*'  C  in  a  streain  of  car- 
bon   dioxide    as   described    under   antimony,    and    weighed    aa 

For  the  arsenic  determination,  the  combined  filtratci  are  con- 
centrated somewhat  by  evajMiration,  a  few  drops  of  chlorine 
water  arc  added  and  hydrogen  sulphide  is  passed  into  the  warm 
Bohition  (being  kept  on  the  watcr-tiatli)  for  from  six  to  eight 
hours,  aft(*r  which  it  is  ullmved  to  (■(ml  in  a  rapid  stream  d 
bydrog(!U  Milphide.  After  allowing  tlm  precijiitate  to  settle  for 
twi^nty-four  haul's,  it  is  fjlt-creil  through  a  (touch  erudble,  washed 
witli  wattrr,  then  tliree  times  with  alcohol,  four  times  with  a  mix- 
ture of  pure  carbon  bisulphide  and  alcohol  (cf.  p.  1*S0),  and 
finally  three  times  i^ith  pure  alcohol.  After  drying  at  110°  C, 
the  precipitate  is  weighed  as  AgjSi- 

Rniiorh — If  the  solution  contains  no  very  large  excess  of 
hydrogen  sulphide,  tho  precipitate  will  always  contain  trisulphidc, 
so  that  it  is  safer  to  dissolve  it  in  ammoniacal    hydrogen  per* 


•  Dunwii  weighed  the  antimnnyas  ppntneulphide  after  wnal-iing  with  car- 
bon  liUuliiliide.  Aft.  hxiwovcr.  untiniony  pcntjisiil|ihld«  in  likrly  to  b«  rtuuigvd 
to  the  trimilpliitJe  un  Iroating  with  carlmn  bisuliihule,  Ihe  above  proccdui\. 
U  bolltT.  AcrorJUig  to  Brauii,  Stij3,  in  riMiuciKl  to  Sb,^  on  lone-coultnued 
tnatmetib  with  Ci^ 
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oxide  •  aiid  then  to  prcctpitat*  llic  aretmic  with  maKiioaui  mix- 
ture a8  m^nefiium  aiiiuiunium  urseiiutc,  an  ile^cribed  un  p.  300, 
weightng  it  as  MgzAsjO?. 

Remark. — The  method  gives  very  accurate  reaulta^  but  con- 
imes  cuiiaderable  time. 


(ft)    MtOuyd  of  Fred.  Neher.f 

This,  in  the  author's  estimation,  the-  boat  ntdhnd  for  ihp  separa- 
ticja  of  arsenic  and  antimony,  de(>pmis  upfm  the  fai-t  tliat  arsrnic 
is  precipitated  from  a  solution  strongly  acid  ^vith  hytlrochloric 
Mid  by  a  rapid  stream  of  hydrogen  sulphide,  while  antimony  is 
not. 

Procedure. — Starting  with  a  precipitate  consisting  of  the  tri- 
lulphklee  nf  arsenic  and  antimony,  this  is  dissolvt^l  in  niitstic 
potash  Bolulion  and  oxidized  exactly  as  described  undrr  the 
previuuH  method.  When  free  from  chlorate,  the  acid  sokttion 
ii  washed  into  an  Krlenmeyer  flask  and  cooled  by  Hiimtimd- 
ing  the  flask  wiih  ice.  In  another  flask  some  concentrated 
hyilruchtoric  acid  (sp.  gr.  1J2)  ia  likewise  cooled.  When  both 
aoluticns  arc  at  0*  C,  the  arsfuic  antimony  ."lolution  is  diluted 
with  iwioe  its  volume  of  the  strong  hydmcldcirir  acid.  Into 
this  (sold  solution  a  rapid  stream  of  hydrogen  sulphide  is  passed 
for  one  and  one-half  hours.  TJie  flask  is  stoppered  up  and  allowed 
to  stand  one  to  two  hours.  The  Aa^  ia  filtered  through  a  Gooeh 
crucible  and  n-ashed  with  hydrochloric  acid  ( 1  vol.  water,  2  vols,  con- 
crntraied  hydrochloric  acid)  until  1  e.e.  of  tlip  filtrate  after  being 
considerably  diluted  witli  water  and  t^'Kted  with  hydrogen  sul- 
phide shows  no  precipitation.    It  is  then  washcil  with  water,  and 


*  For  tjiu  purpone  om  miicli  uf  thu  palpitate  W)  ptuuiblc  U  placed  In  a 
baaker,  tbn  ponioa  lulbcriDg  to  tho  filler  is  difsoLvod  by  hot  luiiaiuaiii  into 
(be  Hcaa  beaker,  anil  thiji  a  wum^cJ  until  ilie  pn.-cipitJit«  Vab  entirely  di»> 
•olved.  After  thtn,  (or  every  0.1  gm.  of  A^^,  :)0-.70  c.?.  of  pum  :)  per  eont. 
ll/l,  UT  added,  tlie  Miutioa  bcatcd  for  oomo  lime  on  tho  water-L-ath  anj 
then  build]  tfti  minului. 

*  7.  MuU.  Cbeoi.,  3S.  i5. 
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finally  with  hot  aJcohol.    Mtcr  drying  at  110°  C,  the  prccipitato 
ia  weiglied  as  MSs-  * 

The  fillnitc  fi'oiii  the  arsenic  -sulphide  is  cinutad  hirgoly  with 
v.'dtpr  iuui  aiturateii  wiili  hydrogen  sulphide.  The  Sb^Sg  is  filtorcxl 
thronph  a  Gooch  cruoible,  dried  at  280'  C.  in  a  current  of  carbon 
dioxide  and  weighed. 

(c)  Tike  Tartaric  Acid  Method. 

Principle. — Tho  separation,  is  based  upon  the  fact  that  if 
mapncfiia  mixture  Js  arideil  to  a  solution  of  an  alkali  arsenate 
and  aniinionate  containinR  tartaric  acid,  only  arsenic  will  be  pre- 
cipiuiied. 

Prncrdttrv. — Tho  sulphides  arf  oxidized  as  described  under 
(a)  by  Sdluiinn  in  aqueous  caustic  potash  and  introiluction  of 
chlorine.  The  soliUion  thus  obtained  is  made  acid,  treated  with 
tartaric  acid  and  an  excess  of  ammonia  addeii.  This  should 
not  cansT  any  turbidity.  If  a  precipitate  is  formed,  it  shows  that 
an  inaiidicirnt  amntint  of  tartaric  acid  ia  present.  In  this  ease 
the  dear  sohition  is  ileeanted  off,  the  precipitate  ia  dissolved  by 
warming  with  tartaric  arid,  and  the  two  solutions  are  mixed. 
To  the  clear,  nmmnniaeal  sohition,  mapiesia  mixture  is  addrd 
b'owIv  Tvith  constant  stirring  (ef.  p.  206.  foot-note).  After  stand- 
ing twelve  hours,  the  proeipitale  of  mapHsium  emmonium 
arsenate  Is  filtered  off  (it  usually  contain?  a  little  basic  mag- 
npj^ium,  tartrate),  washed  a  few  times  witli  2J  per  cent,  ammonia, 
tiis.'iolved  in  hydroehlorir  arid,  and  reprecipitated  by  tlie  addi- 
tion of  an  excess  of  ammonia.  After  standing  for  twelve  houra 
more,  the  precipitate  i«  fiherr<!,  wa.ihed  with  21  per  cent. 
ammonia,  and  weighed  as  magnesium  pyroarsenate  as  described 
on  p.  206, 

*  If  the  solutinn  was  nnt  cold,  some  arncnic  triBulptildo  ttil)  t«  found 
in  tbc  pTMipitatp.  The  results  axe  scarcely  afTfvcted,  howc\'er,  when  the 
pTeci|jitate  In  rotMwIy  wmilHHi  with  wut«r  awl  alccitiiil.iiM^uiM^  tbo  fre«  sulpbur 
is  woiK^cxt  with  tho  Bulpliltle  of  ;irwnic.  If.  hon'ever,  the  pr«ci[»tato  u 
wo&bed  with  C^,,  it  is  evideat  tliat  ihe  resutta  will  tw  too  low.  For  the 
htKluiftt  dcKKfi  of  accuracy,  it  iu  advisuliln  to  diaolve  the  procipital«d  Butphidd 
in  ammaniof-a]  hydrogen  jw^roxido,  or  in  fuming  nitric  acid,  and  to  dctop- 
nine  the  amenic  u  Mgi-VSiOj  m  diucribrd  on  pago  20& 
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Rtmark. — Arsenic  can  also  hp  srparalpfl  from  tin  arcoMing 
to  ihe  above  method,  except  that  more  liirU-ric  acid  is  m'Cfssary 
to  pTPVcnt  the  precipitation  of  the  tin  than  is  the  oaec  whec  an- 
liniony  alone  is  present  (cf.  p.  355). 


(rf)  Method  oj  E.  FUcher* 

Prindpk. — This  separation  depends  upon  the  ready  vola- 
tility of  arsenic  trichloride  in  a  current  of  hot  hydrochloric  acid 
gaa,  under  whieh  conditions  antimony  chloride  Li  not  volatile.  If 
the  arsenic  is  present  as  arsenic  aeid,  wliich  is  usually  the  case, 
the  distillatiou  must  take  place  in  the  presence  of  some  reducing 
agent.t 

Procedure. — ^The  apparatus  sliowo  in  Fig.  47  is  used  for  this 
determination.  In  tbo  course  of  analysis,  the  areonic  and  anti- 
mony, aa  a  rule,  are  obtained  fii-Kt  in  the  furni  of  thu  sulphide?*,  and 
tfacM  are  diasolvcd.  as  deai-ritK.>d  under  {a),  in  cautttic  potaah 
sirfution  and  oxidized  by  chlorine.  lnst«ml  of  using  clitorinc, 
the  alkaline  solution  may  be  boUed  with  hydrogen  peroxide  or 
potoBsiuni  percurbonate.  If  the  Latter  nietliud  m  used  for  the 
oxidation,  the  boiling  mkiKt  bo  continued  until  there  is  no  further 
evolution  uf  oxygen. 

The  oxiilized  solution  is  transferred,  by  means  of  a  long- 
stemmed  funnel,  to  the  SOO-c.c.  distiUing  flask,  A,  in  which  has 
been  placet]  I.o  fims.  of  potaowiuin  broniidc;J  tlie  solution  is 
diluted  in  the  Husk  with  fuming  hydrochloric  acid  to  ii  volume  of 
at>out  200  c.c.    The  receiver,  V,  consists  of  a  large  flusk  of  from 

•  Z.  an*].  Chtm.,  21,  2t»(i  Tlic  prtxrcss  na  deBCrUxnl  in  the  modificatian 
o(M.  RohtDCr,  Bcr..  U,  3^1  aod  UG5  O'JUl)- 

ftiachm  qmkI  a  fntrouii  nail,  O.  Piloly  and  A.  Stock  twed  hydroffin 
m^l'tiHt  (Btr.,  SO,  1G4*J),  and  l-'ricdhvini  Aiid  MichuHis  used  itipthy)  alcohol 
(Bor^  28.  1414). 

*  InsUod  of  the  putiueiuiii  bruiiiidu,  liydruin'o  brumidu  iiiiiy  bo  ubrI 
•bich  ha*  previomdy  \iecn  prcparwl  l>y  trcnl-inc  1  pm.  n(  hrominc  with 
mMhitous  iurii.1.  It  ia  not  pcrmixMljIo  to  introJiice  Ihc  IjromiTic  into  tJie 
^k.  A,  in  uMti-  lo  cODvnrt  it  tit  hydTtiK<-n  hromidw  \iy  intrtNluciiiK  tmlptiur 
iKftriilir  9U  tuto  the  flaak,  becxuse  it-  in  thrn  ]Kw>ilili;  for  liromini?  vapunt 
lo  gel  into  tJie  rocviver  by  means  of  the  air  which  is  ^t  expL'lii>d  from 
Ibft  «|^>ftratus,  and  the  branune  wuukl  oxidize  the  volatilized  AnCI,,  imd 
tluM  intcffero  with  the  imhaequfnt  determination  of  the  ar-'enic  by  pre- 
■ipitation  a*  the  triBulphide,  or  by  titrutioo. 
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1.5-2  liters  capacity;  it  is  kept  surrounded  by  a  currcnt  of  cold 
wator  cotninic  froui  tlic  condenser  and  coiitHiiis  at  the  start,  800  c.c. 
of  cold  distilled  water.  Thon,  with  the  apparatiw  all  connected 
ns  slion-n  in  the  drawing,  the  distilling  flask  \»  ht-aled  and  it» 
contents  pnrtinlly  distilled  in  a  cuiTcnt  of  hydrogen  chloride,* 
meanwhile  constantly  paaaing  a  Httlc  sulphur  dioxide  into  the 
flask,  until  at  the  end  of  about  forty-five  minutes,  the  volume  of 


'•■••^ 


TxitJ"tH»i« 


Fto.  47. 


liquid  in  A  lb  reduced  to  about  40  c.c.  The  flame  is  then  removed 
and  the  T-tube  between  the  two  evolution  ilosks  removed  in  order 
to  prevent  litiuid  from  backing  up  into  the  waah  bottles.  The 
adapter  tube  which  connects  the  condenser  with  the  receiver  is 
rinsL'tl  off  and  the  receiver  removed. 

A  new  receiver  is  now  placed  at  the  end  of  the  apparnius  and 
A  seccond  distillation  is  mado  in  order  to  make  sLire  that  all  of 
the  aret>nic  has  been  volatilized.f  Then,  for  the  determination  of 
the  arsenic,  the  contentfi  of  the  two  receivers  are  each  diluted  to  s 
volume  of  aljout  1250  c.c,  and  the  excess  of  sulphurous  acid  is 
removed  by  heating  to  boiling  and  passing  a  stream  of  carbon 
dioxide  through  the  Htjuid  as  is  shown  in  Fig.  48.  When  the 
sulphur  dioxide  has  all  l)een  expelled  (as  can  be  shown  by  insert- 
ing a  stopper  with  deliver^'  tube  into  the  flask  so  that  the  escaping 
vapors  c«n  be  led  into  a  dilute  sulphuric  acid  solution  of  deci- 
uormal  permanganate  which  wilt  be  decolorizc^d  by  sulphur 
dioxide) ,  the  solution  is  allowed  to  cool  and  the  arsenic  detenmncd 
as  trisulphide  according  to  the  directions  on  p.  205  and  weighed 

*  If  there  it  iui>- ten^Jency  to  suck  bock,  a  little  mgre  BulpliLrdiuxiile 
aIioiiIiI  l>o  inlroduretl. 

t  Rnhinrr  found  (.hut  a;  much  as  0.13  gm.  arsenio  was  volatUIied  ooca- 
plctely  bj-  one  (iMtill&tion. 


as  AsjSs  after  treatment  with  CS3  CpP- 170,  223),  or  it  may  be 
lilraied  with  iodine. 

Determination  of  Arsenic  by  Titration. 

The  solution  is  treated  with  a  few  drops  of  phen3iphtUaleia 
■nd  solid  potosaium  hydroxide  is  introducpj  until  a  permnnent 
pink  color  is  imparted  to  the  liquid.  Th'!  Hulution  is  then  ciocelur- 
Uf!d  by  the  addition  of  a  few  drops  of  liydrovhloric  acid;  5  gms. 
of  «o<Iium  bicarbonate  are  adile<l,  and  the  solution  titrated  with 
dcwinonnal  iodine  solution  as  iK-scribud  on  p.  OSS.* 

The  antimony  id  dctenuined  by  treating  the  conteut**  of  the 
disUniiig  flask  with  2  or  3  gms.  of  tartaric  aeid,  wadoing  the 


I  Fio.  48. 

solution  into  an  Erlenmeyer  Gask,  expelling  the  Hulphur  dioxid« 
u  al)ovc,t  and  dctcmiining  the  antimony  ^ravimctrii-ally  by 
precipitating  as  the  trisulphide  aeeoitling  to  the  directions  on 
p.  2IS,  or  it  is  estimated  volu metrically  by  titration  witli  iodine 
an  described  on  p.  G8.S- 

*  A  tjlank  itctermiiuitioiii  abould  ho  made  witli  all  the  ruogcnt*  that  ate 
to  lia  uaed,  and  ilu>  imline  (Uiluli<>»  muMt  lu  uttuulardlxud  in  a  soUiLiuii  m» 
dOala  •■  that  in  which  the  aiuUyHia  in  nitulo. 

t  The  racapin^  gaa  will  not  t]i!Coluri»i  u  ^olutiun  ot  2-3  ex.  dilute  ifuIpUurie 
■dd  and  000  {Irop  ot  O.UIM,  KMnO„  wheu  all  the  SO,  U  ex[M:lkii]. 
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Determination  of  Arsenic  ia  Commercial  Sulphuric  Acid. 

About  30  c.c.  of  concentrated  hydrochloric  acid  and  a  little 
potassium  bromide,  or  hy(lrf>(^>n  bromide,  arc  placed  in  the  dls- 
tillinR  fla*ik  A  (Fig.  47),  whereupon  50  to  100  pms.  of  the  acid  to 
be  tested  (the  weight  is  detorminod  by  difTcrcncc)  is  introduced 
through  a  funnel  that  is  ffl.stnncd  by  means  of  rubber  tubing  to 
the  upper  end  of  the  deliver^'  tubn  which  enters  the  flask;*  tie 
funnel  is  rinsed  with  concentrated  hydrochloric  acid,  and  the 
distillation  begun. 

When  the  contents  of  the  distilling  flask  have  been  concen- 
trated so  that  concentrated  sulphuric  acid  remains,  the  acid  ia 
kept  hot  by  means  of  a  small  flame  until  all  of  the  arsenic  has 
been  expelled.  On  account  of  the  high  temperature,  1  gm.  of 
arsenic  will  be  driven  over  in  about  fifteen  minutes.  The  analysifi 
is  finished  as  described  above. 


Separation  of  Antimony  from  Tin. 

(a)  F.  W.  Clark€'s\  Method. 

Of  all  the  present  known  methods  for  the  separation  of  anti- 
mony from  tin  this  is  probably  the  most  accurate.  It  dev>en(U 
upon  the  fact  that  antimony  is  completely  precipitated  from  s 
solution  containing  oxalic  acid,  while  stannic  salts  arc  not.  Stan- 
nous sulphide,  however,  is  decomposed  by  oxalic  acid,  forming  an 
insoluble  cr>-staUine  stannous  oxalate,  so  that  the  tin  must  be  in 
the  stannic  fonn. 


I 


•  Whrn  thr  roncentmted  siilplinnc  nriii  nins  into  the  flask,  it  ofteo  hnppoas 
that  didtillntioD  1>e);iti4  tA  tAki^  pl^n-c  ehhI  ^inniL-  of  llic  nrscnic  wouUl  Ike  Inrt 
if  the  flask.  A,  were  k-ft  open, 

tChem.  N>w.t,  Vol.21, p.  \2\.  Cf.  aW  It<l>q>inK,  Zcitwiir.  furaiul-Chnn., 
XLI,  1.  F.  Ilenz,  'I.  atiori;.  Cbcm..  S7,  III  (1W>3).  Vortmann  uiii  MqUI, 
Z.  aosi.  Cbem.,  H  ^2{>  (1905). 
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rating  imtimuny  frum  tui  after  tliese  mctnU  have  been  separated 
from  the  membere  of  the  copper  group  by  mGatis  of  alkaline  poly- 
«il|^<Ie;  i.e.,  the  tin  and  the  ontunony  arc  in  the  form  of  their 
aolable  sulpliD-salts. 

The  solution  of  the  sulpbo-salts,  containing  not  more  than 
0.3  gm.  of  llie  two  inctals,  is  placed  in  a  jOO-*.c.  Jena  beaker  and 
treated  with  a  solutiim  uf  G  gins,  of  the  purest  caustic  potash 
(one-third  the  5um  of  the  weights  of  tartaric  and  oxalio  acids  to 
be  added)  and  3  gms.  of  tartaric  acid  (ten  times  the  maximum 
«re^t  of  the  two  metale).  To  this  mixture  30  per  cent,  hydro- 
gen peroxide  is  added  slowly  until  tJie  yellow  solution  is  com- 
pletely decolorized;  then  1  c.u.  in  excett^  is  added  and  the 
sulutiou  ill  boiled  for  n  few  uiiuutet;  to  change  utiy  thiosulphatc 
to  sulphate  and  to  decumpuse  the  greater  part  of  the  excess 
peroxide.  As  soon  an  tliu  evolution  uf  oxygen  ceases,  the  boIu- 
lion  i»  cooled  somewhat,  the  beaker  eovert^d  with  a  watch-glaaa, 
and  a  hot  solution  of  l.'>  giuH.  pure  re  cry  stall  i  zed  oxalic  acid 
ia  cauiioualy  added  (.1  gnu.  for  0.1  gm.  of  the  mixed  metals). 
TTus  cauites  the  evolution  of  considerable  gas  {('n,  +  Oj).  Now, 
in  onler  to  completely  remove  the  excess  of  hydrogen  peroxide, 
the  solutioti  is  boiled  vigorously  for  ten  minutes.  The  volume 
of  the  li(|uid  KlitmUI  anicuut  to  from  80  to  100  c.c.  After  this 
a  rapid  stream  of  hydrogen  sulphide  is  conducted  into  the  l>otting 
iolutian.  and  for  nome  time  there  will  be  no  precipitation,  but 
only  a  white  turbidity  formed.  At  the  end  of  five  or  ten  minutca 
the  solution  becomes  nrangeeolnnHi  and  tlie  antimony  begins 
bo  precipitate,  and  from  this  point  the  time  is  taken.  At  the 
end  of  fifteen  minutes  the  Kohitiuii  in  diluted  with  hot  water  to 
a  volume  of  250  c.c,  at  the  cml  of  another  fifteen  minutes  the 
flame  is  removed,  and  ten  minutes  luti-r  the  current  of  hydrogen 
sulphide  ix  stopped.  The  precipituU;d  aiitinifiny  pentasulphide 
ift  filtereil  off  through  a  Gooch  crucible  which,  before  weighing 
anil  after  drying,  luis  iM^en  heated  in  a  fltream  of  carbon  dioxide 
it  '.UMi"  C.  for  at  least  one  hour.  Thn  precipitate  is  wa.<*hcd 
twitt!  by  decantation  with  1  per  rent,  oxalic  acid  and  twice 
irith  very  dilute  acetic  acid  before  bringing  it  in  the  crucible. 
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UotU  of  tlicsc  waidi  liquids  should  be  boiling  hot  and  Baturated 
with  hydrogen  sulphide. 

The  cnimblc  It  heated  at  2SO'-3(X)*  in  a  current  of  carbon 
dioxide  (free  from  oirj  to  constant  weight  and  its  contents 
weighed  iis  Sb,S,. 

To  determine  ike  tin,  the  fihrato  ia  evaporated  to  a  volume 
of  about  I.tO  c.c,  the  excess  of  oxalic  acid  nearly  neutralized 
with  ammonia  and  the  tin  deposited  electroljtically  as  described 
on  p.  23-1. 

According  to  Vortmann  and  Metzl  *  antimony  may  be  sepa- 
rated from  tin  by  pasang  hydrogen  sulphide  into  a  solution 
containing  hydrochloric  and  phosphoric  acids  of  the  proper 
concentration. 

(i)  Method  of  II.  Rou. 

Principle. — This  method  is  based  upon  the  imiQlubilHy  of 
Hiicliiim  nietantimonatc  and  the  solubility  of  sodium  stannat« 
in  dilute  aleohol. 

Procedure. — Both  metals  are  assumed  to  be  present  in  the 
form  of  an  alloy.  The  alloy  is  treated  with  nitric  acid,  whereby 
the  antimony  and  tin  arc  left  in  the  form  of  their  oxides  (cf.  pp. 
228,  231,  and  236).  The  residue  ia  filtered  off,  washed  with  am- 
monium nitrate  water,  dried,  tmnsferrcd  as  completely  as  possible 
to  a  large  silver  crucible  and  the  ash  of  the  filter  added,  after 
which  the  prceipitjite  is  gently  ignited.  From  ten  to  twelve 
timea  as  much  solid  sodium  hydroxide  and  a  little  sodium  nitrate, 
or  better,  sodium  peroxide,  are  added  and  the  silver  crucible 
ia  placed  within  a  liir^er  porcelain  one  in  order  to  protect  it 
from  the  flftiiie:  the  ixuitcnts  are  fused  and  kept  liquid  for 
twenty  minutea.  After  cooling,  the  crucible  is  placed  in  a 
large  porcelain  dish  and  its  contents  treated  with  hot  wat«r 
until  the  melt  has  disintegrated,  lea\'iDg  the  insoluble  part  in 
the  fonn  of  a  fine  mea.1.  One-third  of  the  solution's  volume 
of  alcohol  (sp.  gr.  0.S33)  is  now  added,  the  mixture  is  well  stirred 
and  filtered  afler  utanding  twelve  hours.     The  residue  remaining 


*  Z.  uial.  nietn.,  44,  S33  (1906). 
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on  the  nde0  of  the  dish  is  waslic4  onto  the  filter  with  diluto 
alcohol  (1  vol.  alcohul  +  2  vola.  water).  The  sodium  raetanti- 
monate  is  iravhed  Brat  with  a  mixture  of  1  vol.  ELlcohol+2  vols. 
w»t<r,  then  with  1  vol.  alcohol +1  vol.  water,  and  fioally  with 
3  Tola,  alcohol  + 1  vol.  water*  until  the  filtrate  when  acidified 
uith  hydrochloric  acid  and  tested  with  hydrogen  sulphide  do 
longer  gives  a  yellow  culoratton  (tin  sulphide). 

U  considerable  tin  and  httle  antimony  were  otigiually  present, 
a  single  fuaion  of  the  oxides  with  caustic  soda  dots  not  afford  a 
ecmplete  separation,  as  the  residue  of  sodium  pyroantimonate 
slnrays  contains  some  tin.  It  is,  therefore,  dried,  separated  from 
the  filter  and  placed  in  a  silver  crucible.  The  filter  is  treated 
repeatedly  in  a  porcelain  crucible  with  fuming  nitric  acid  until 
the  pttpcf  is  completely  de»tn>yed  and  the  excess  of  acid  is  then 
fCfDOved  by  heating  in  an  air-ljath.  The  contenta  of  the  porce- 
lain crucible  are  subsequently  (lissnlved  in  a  little  caustic  8f>cla 
■oiutiou  and  washed  into  the  silv(_T  crucible;  the  wat«r  w  then 
removed  by  heating  the  silver  crucible  at  first  on  the  wat*r- 
bath  and  finally  in  an  air-bath,  Tt-n  gram.s  of  solid  caustic  sorla 
art  now  addt^^l.  the  nii.\turo  fused,  and  the  melt  treated  in  the 
■ame  way  as  before. 

The  secomi  rcaiiluc  of  sodium  metanlimonatfl  is  free  from 
tin.  It  is  dissolved  from  off  the  filter  by  a  mixture  of  hydro- 
chloric and  tartaric  acids,!  in  which  it  is  readily  s«jluble.  I'nJm 
thii  solution  the  antimony  is  precipitated  by  hydrogen  sul])hide 
■ad  d' termiiu'd  as  described  on  p.  218.  For  the  tin  del»rnitia- 
tion.  the  alcoholic  filtrate  is  gently  heated  to  remove  the  alcohol, 
aadifiri]  slightly  with  hydrochloric  acid,  and  the  tin  precipitated 
u  sulphide  by  hydrogen  sulptiide  and  deU-ruiined  according  to 
p.  233,  fi. 

Bmuirk. — If  the  oxide  residue  which  was  first  fused  with 
iodiinn  hydroxide  and  nitre  consisted  solely  of  tin  and  antimony 
addcA  this  method  givts  very  good  results.    As  a  nile,  however. 


*  K  f*«  drops  of  sodium  carbonate  aolutiun  ohoulil  bo  added  to  all  the 
«ieaholic  wxah  liquids. 

t  A  mtxtore  ccn>blinfC  of  ci)unl  volumca  ililuUi  hydrocbloric  add  (1:4) 
mJ  .fr  in  per  eexit.  tartaric  kuI  in  umad. 


3$i 


CR^ySMETRlC  ANALYSIS. 


most  antimony  and  tin  alloys  contain  lead  and  other  metals 
whose  oxides  remain  to  gome  extent  with  the  tin  and  antimony 
on  ti-oatmcnt  of  the  alloy  with  nitric  acid,  so  that  the  sodium 
metantimonate  is  subsequently  rendered  impure  by  the  presence 
of  these  metals.  The  antimony  determination  therefore  Rives 
too  high  results.  In  this  ca^e  the  method  of  W.  Hampe  *  should 
be  used. 

The  alloy  is  dissolved  in  aqua  regia  (as  described  below  in 
the  analysis  of  bearing  metal)  and  the  tin  and  antimony  sepa- 
rated from  the  remaining  metaU  by  means  of  colorless  sodium 
sulphide.  From  the  snhiti'in  of  the  sulpho-salu-;  the  tin  and  anti- 
mony arn  precipitated  by  making  barely  acid  with  dilute  sulphuric 
acid ;  the  precipitate  is  washed  anei  dissolved  in  a  little  warm 
so<.lium  sulphide.  Aft^r  cooHng,  sodium  peroxide  is  added  tc 
the  concontrat<>d  solution  in  small  amounts  until  the  liquid 
becomes  colorless,  and  when  treated  with  more  aoiiium  peroxide 
a  distinct  evolution  of  oxygen  takes  jilace.  By  this  treatment 
sodium  antimonate  is  fornied;  this  separates  out  to  some  extent, 
while  the  tin  remains  in  solution.  In  order  to  completely  pre- 
cipitate the  antimony  from  the  solution,  0D&-tMrd  as  much  alcohol 
(sp.  gr.  0.8^3)  is  added,  after  which  the  precipitate  is  filtered  off 
and  treated  as  above  described. 


* 


Analysis  of  Bearing  MetaL 

This  alloy  contains  tin,  antimony,  lead  and  a  little  copper 
and  usually  small  amounts  of  iron,  bL-^muth  and  zinc. 

One  gram  of  than  borings  is  treated  with  15  c.c.  of  concentrated 
hydrochloric  acid  in  a  small  beaker.  If  the  alloy  is  rich  in  lead  it 
is  net^e-ssary  to  heat  on  the  water-bath  for  some  time,  replacing 
the  acid  lost  by  evaporation.  Finally  add  less  than  3  c.c.  of 
strong  nitric  acid,  a  few  droijs  at  a  time,  to  complete  the  solution. 
When  the  inetAl  has  di&iolved,  the  solution  (it  should  Ije  yellow, 
or  greenish  yellow  if  much  copper  is  present)  is  diluted  with  15 


*Ch(!m.  Zt«.,  lS,p.l900. 
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Ibbm  M  much  alcohol,  added  in  small  portions  witli  constant 

After  standing  for  twelve  hours,  and  atimng  frequently,  the 
pceetpitated  lead  chloride  is  filtered  into  n  weighed  Gooch 
crodble,  washed  with  abifolute  alcohul,  dried  ut  \oi)P  and  weighed. 
In  the  fUtrate  will  l>e  found  a  few  miUtgmms  of  lead  in  the 
prwencc  of  antimony,  tin,  coppor,  bismuth,  iron  and  zincf 
The  alcoholic  liltrate  is  jwured  into  a  large,  deep  porcelain  dish  J 
and  the  alcohol  is  evaporated  off  at  a«  low  a  temperature  as 
posBible.  It  is  necessary  to  avoid  evuporaliug  the  solution  to 
drynctt  as  iu  that  case  some  SiiCl^  will  be  volatlliiwd.  When 
the  alcohol  is  all  gone,  0.1  gm.  of  potassium  chlorate  ia  added, 
the  solution  is  evaporated  to  a  tirnull  volume  and  then  there 
is  added  one  gm.  of  tartnrie  acid  and  enough  caU6ti{:  potash 
to  make  the  solution  barely  alkaline.  It  is  now  treated,  as 
recommended  by  Finkener,  with  freshly  prepared  hydrogen 
siilphide  water  until  no  further  precipitation  takc-a  place.  In 
this  way  all  the  Cu,  Bi,  Fe,  Zn  and  the  last  of  the  Pb  are  pre- 
cipitated as  sulphides  (pi-ecipitate  a)  while  all  the  Sn  and  Sb 
remain  in  wlutton  (solution  b).^ 


'This  stirring  is  induipennAl>l(t  hecausB  lead  clilnridc  n^paratcw  ntit 
very  slowly  from  a  supcrsaturau-d  ukcoholic  solution  contjtinitig  other 
chkindr^i.  The  complelc  precipitation  ia  b«rt  reeogniaed  by  the  (act  that 
BO  iDvk  is  left  upon  the  sides  of  tlio  bca1c«r  whpn  tliv  sticriiig  ml  i«i  ruhhcd 
■VURvt  it. 

t  ADoya  low  in  lead  are  Dot  treated  with  alcohol  In  tliis  wny.  Tci  such 
eaaea  it  Is  best  to  docompoae  the  alloy  n-ith  chlnriue  ^tm,  as  dcwriljiii  In  the 
aaaljnu  of  tftrahrdrito  on  page  350. 

{ In  ov&ponLtiiii;  off  (he  alcohol  tlicm  U  a  tendency  for  tbo  aolutioo  te 
tnmp  o«vr  the  vdgcs  of  t\\v  iWA*  w>  thnt  it  i«  ailvinahlo  to  employ  a  deep 
ifidi  and  to  evaporate  tli«  li'juid  iu  small  portions. 

ITlw  sci<>antllon  U  cuuiplotu  only  whfii  uU  the  tin  is  in  the  quodrivaleat 
eaodkino.  In  drivins  off  tht;  alcohol  tlirrv  is  always  soiiw  Htuinoua 
eUoriife  rormcd  which  muat  be  subsequently  oxidized  by  mcan^  of  KCIO| 
andllCL 
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Treatment  of  Precipitate  a. 

The  precipitate  ia  filtered  olT,  waahod  with  hydrogpn  nulpbidc 
water,  dissolved  in  nitric  acid  (sp.  gr.  1.2)  and  evaporated 
with  hydrochloric  acid  to  remove  the  nitric  acid,  and  tlic  solution 
of  chloridoH  diluted  so  that  its  acidity  corresponds  to  1  part 
HCi  (sp.  gr.  1.12)  to  25  parts  water.  The  Cu,  Pb,  and  Bi  arc 
precipitated  as  Bulphidcs  by  hydrogen  sulphide,  filtered  and 
wanhed  with  water  containing  H^S.  The  filtrate  contains  the 
iron  and  zinc  (Filtrate  c). 

The  precipitate  is  dissolved  in  nitric  acid,  evaporated  with 
the  addition  of  4  or  5  drops  of  concentrntcd  sulphuric  acid, 
and  the  lust  of  the  lead  determined  as  sulphate  according  to 
p.  17^.  Krorn  this  filtrate  the  bismuth  is  prceipitat-od  with  an 
excess  of  ammonia  and  dftt^iminel  as  BiyOa  according  to  p.  179. 

In  the  amiiutiiiacal  filirate  from  the  biHmuth  precipitation, 
the  copper  is  determined  cIcctrolytical3y,  after  acidifying  with 
Bulphurif.  acid,  accoixiing  to  p.  187,  or  as  cuprous  sulphide, 
according  to  p.  183. 

To  dctennine  the  iron  iind  zinc,  the  Filirate  c  is  oxidized  Ijy 
boiling  with  a  few  drops  of  concentrated  HNO3  and  the  iron 
precipitated  l>y  an  excess  of  ammonia  and  weighed  as  FcjOa. 
p.  S7.  The  xinc  is  determined  in  this  last  filtrate  by  acidifying 
with  acetic  acid,  precipitating  as  sulphide  and  weighing  as  such, 
according  to  p.  143. 

Trmlmeni  of  Solution  &. 

To  determine  the  antimony  and  tin,  the  alkaline  solution 
is  dilut<?d  to  exactly  250  c.c.  in  a  measuring  flask,  and  after 
thoroughly  mixing,  100  c.c.  is  withdrawn  In  a  pipette,  trana- 
ferrcd  to  a  -lOO-cc.  beaker,  acidified  with  acetic  acid,  and  boiled 
to  expel  the  hydrogen  sulphide.  Then  3  gins,  of  tartaric  acid 
and  6  gm.i.  of  purest  potassium  hydroxide  aro  added,  whereby 
any  precipitated  sulphide  is  rodisaolved.  At  this  point  some 
30  per  cent,  hydrogen  peroxide  is  allowed  to  nui  slowly  into  the 
solution,  until  the  yellow  color  disappears,  then  2  or  3  o.c.  in 
excess  are  added  and  the  lolutioa  boiled,  a  few  minutes.    Thcn« 
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for  each  0.1  cm.  of  metal  present  (Sb  +  Sn),  5  gms.  of  pure  oxalic 
«cid  are  added,  the  solution  boileti  ten  minutes  and  tlie  antimony 
eeparate<i  from  the  tin  as  described  on  p.  248.  From  the  filtrate 
the  tin  is  dctcnnined  elect rolytlcatly.  For  this  purpose  thfj 
oxalic    acid    aulution    Is    evaporated   to  a   volume  of   about 

!  200  C.C.  and  clectmlyaed  with  a  gauxc  electrode.  At  the  end 
of  lix  hours  Dip  drpoHition  is  complete.  Tlic  electrodes  are 
wisbed  BB  descrilied  nti  p.  i:j(i,  dried  and  weighed. 

Remark. — R.rwning'n  method,*  which  was  recommended  in 
the  earlier  ediiion.'j  of  thin  hook,  in  not  altogether  satwfactory. 

^Usually  the   lead    r&tultM  are  too  high  and  the  tin  too  low,  on 
it  of  the  lead  sulphide  precipitate  being  cuntatninatcd 
witli  tin. 

Separatioa  of  Arseoic  from  Tin  and  Antimony. 

(a)  MciJiodof  Fred.  NvhfT.\ 
The  moist  sidphidcs  are  dissnlved  in  frcshly-prppared  ammo- 
niuxu  sulphitle,  pvajTorat<.'d  in  an  Krlpnmeypr  flask  nearly  to  dry- 
nras  and  oxidized  vnih.  hydriM:hluric  acid  and  jntassium  chlorate. 
From  this  solution  the  arecnic  is  precipitated  as  sulphide  under  the 
eonditions  described  on  p.  2-}:i.  In  the  filtrate  from  the  arscnio 
pcntaaulphide  all  of  the  tin  is  found  and  can  be  precipitated  aa  sul- 
phide aft^-r  dihilinp  larfiely  with  water  and  pHssiiigin  hydrogen  sul- 
phide.   It  is  finally  changed  to  the  oxide  as  described  on  p.  2^,^. 

(6)   ^fe^hod  of  W.  Hnmpe.  { 

The  precipitated  sulphides  are  dissolved  as  soon  as  possible  in 
frrflhly-pre|>ared  arnmontum  sulphide,  the  solution  is  eva[>orated 
alnKBt.  to  drynpsH  and  oxidizeil  with  hydrochloric  acid  and  potassium 
cfaliirate  in  a  Ilask  rmiiit'cttHl  with  a  return-llow  condeiiaer.j  'I'ar- 
toiic  acid  and  ammonia  are  then  adde4i  and  the  arsenic  precipi- 
Uted  with  magnesia  mixture  as  magtiesiuni  ammonium  arsenate,  as 


•  Z.  anal .  Cliem.,  « ,  1  {l'M2) . 

i  Ibid.  ClS'.):tJ.  S2.  p.  45. 

{Cbimi.  Ztff.  <ISS14>,  1%  p.  n>00. 

I  So  tbat  no  ammic  trichloride  will  bo  loot  hy  volatlllzatlaii. 
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described  on  p.  206.  After  standing  twelve  hours,  the  precipitate 
is  filtered  off.  washed  with  2i  i>er  cent,  ammonia,  and,  in  order 
to  remove  a  little  magnn-sin,  the  precipitate  is  dissolved  in  hydro- 
chloric acid  and  repreci  pita  ted  by  the  addition  of  ammonia.  Aftor 
standing  another  twelve  hours,  the  precipitate  is  filtered  off  and 
flgnin  washrd  with  2J  per  cent,  ammonia. 

This  precipitate  can  be  converted  into  magne^um  p3Toar- 
senate  and  weighed  In  this  form  as  described  on  p.  207.  This 
lran.sformfltion  is  somewhat  tiresome,  howev^cr,  so  that  Rampe 
prefers  to  dissolve  the  precipitate  in  hydrochloric  acid  once  more, 
to  precipitate  the  arsenic  by  means  of  hydrogen  tmlphide,  and 
then  to  determine  the  magnesium  in  the  evaporated  filtrate  as 
magnesium  pyrophosjihale  according  to  p.  6G  or  p.  67.  From 
the  weight  of  the  latter  the  amount  of  arsenic  can  be  computed 
as  follows: 

M&P,0,:2As=p:x 
2As 

or 

j=0.B731  -p  gm.  arsemc. 

Separation  of  Antimony  from  Arsenic  and  Tin. 
(a)  Method  of  Rose. 

If  the  mplala  are  presmt  in  sohiiiun,  they  are  prpcii)itat«l  as 
sulphides  with  hydrogen  sulpiiide,  heau-il  wilh  fuming  nitric  acid 
in  a  large  covered  beaker  until  the  sulphur  is  completely  oxidized, 
washod  into  a  porcelain  diih,  and  Uia  t'xcesa  of  aciil  removed  by 
evaporation  on  the  water -bath.  The  ahnoKt-dry  r««idue  is  treated 
with  concentrated  sodium  hydro-tide  solution  and  the  contents 
of  the  tlish  are  transferred  to  a  silver  crucible,  after  which  a  little 
solid  sodium  hydroxide  is  added  and  the  contents  of  the  crucible 
dried  in  an  air-bath.  It  is  then  (used  *  and  kept  liquid  for  about 
twenty  minutes  by  heating  over  a  Teclu  burner.  After  cfniling, 
the  melt  is  disintegrated  with  water,  one-tluriJ  as  much  alcohol 
(sp.  gr.  0.833)  is  added  in  order  to  completely  precipitate  the 
*iodium    metantimouate,   and   after  atanding   twelve   hours   the 

*  The  silvor  cru(;il>](:  u  plitced  iii  a  larger  purceliun  oai>  10  as  to  aroJd 
p^ntiM't  vlUi  tbe  tliuue. 
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precipitate  is  filtered  and  subjected  t«  the  troatroent  descrilM-d  on 
p.  251.  The  filtrate  coutaitiinf:;  ull  thc-r  arsenic  and  tin  U  »cidifii'(l 
with  hydrochloric  acid,  whereby  stannic  arsenate  is  procipitat*'d. 
V^lthout  filtering,  hydrogen  swlphidc  is  conducted  into  the  liquid, 
the  precipitated  sulpliides  of  lin  and  arsenic  are  filtered  off,  oxi- 
dixed  with  hydrochloric  acid  and  potassium  chlorate,  and  tho 
Atsenio  separated  from  the  tin  aa  dcacribed  on  p.  'Jbo. 

{b)  Method  of  llampe. 

The  moist  sxilplmk-s  are  oxidized  as  df-scribcd  on  p.  255,  b.  and 
the  arsenic  dft<'nnincd  in  the  same  way. 

In  the  combined  filtratt-s  from  the  magnesium  nmmonluiu 
areenate  the  antimony  and  tin  arc  precipitated  hy  hydrogen 
sulphide,  after  making  the  solution  acid.    These  are  ac-parau-d 

Ciilher  according  to  the  method  of  Clarke  (p.  248)  or  thnt  of  Rose 
(p.  2o(J). 
: 


SrPPLE3rENT  TO  THE  im)ROr.EN  SULPHIDE  GROUP. 

GOLD,   PLATISIM,  SELKMLM,  TELXCKIUM,   VaNADIIJU, 
MOLYBDENXM,  TUNGiiTEN. 


GOLD,  Aa.    At.  Wt.  i072. 

Gold  is  a]wa>-s  determined  as  the  metal  itself.    We  have  three 
to  distinguish: 

1.  The  gold  is  prccent  in  solution. 

2.  The  gold  is  allojred  vith  copper  and  uhr«r, 

3.  The  gold  is  preeent  in  an  ore. 

X.  Gold  is  Present  in  Solution. 

In  alnmst  all  cases  pM  b  deposited  as  metallic  gold  fn:ni 
He  eofatkeis  and  weighed  after  fiHering  and  vwhing. 

For  tke  depoeitwa  of  gold  the  lofloiriiig  tedoeiag  sgmta  are 
lo  be  cnandered:  Cemms  sulphAte.  oxaGe  add,  foraaldefaTder 
and  l^dfepes  pcfoxade.  If  the  gold  is  to  be  pre^iiuted  fay  n»aB« 
a(  dlks-  ftrrmm  atif/ttt*  or  tnUe  odd,  then  nsnit  be  bd  fnr 
aitrie  add  praeat  in  the  sobition.  If  aotan  m  prraimi,  H  maa* 
he  fCBVwed  faj  iffcaled  eTeporetMi  wi&li  eooeeatratad  bydn^ 

villi  vatv      btfcfe 
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dilute  Bolution  n  large  excess  of  clear  ferrous  sulphate  solution 
IB  added,  the  beaker  is  covered  and  its  contents  are  heated  for 
several  hours  on  the  water-bath.  The  precipitate  is  then  filtered 
off,  washetl  firet  with  water  containing  hydrochloric  acid  until  the 
iron  is  completely  remove<l,  and  then  with  pure  water.  The  pre- 
cipitate is  dried,  transferred  as  completely  as  possible  to  a  porce- 
lain crucible,  the  ash  of  the  &lter  addedj  and  the  gold  ii 
Lgiute<l  and  weighed.  In  this  way  gold  can  be  separated  from 
almost  all  metals,  even  platinum,  but  not  from  silver.  If  silver 
is  present,  which  is  of  course  never  the  case  in  a  dilute  hydrochloric 
acid  sulution,  it  is  first  removed  by  the  addition  of  hydrochloric 
Rcid,  the  precipitated  silver  chloride  filtered  off,  and  tlie  filtrate 
treated  as  above  described. 

For  the  precipitation  of  gold  by  means  of  oxalic  acid,  the 
slightly  acid  solution  Is  ililuleJ  with  water,  oxaUc  acid  or  aitimo- 
oium  oxalate  is  added  with  a  little  sulphuric  acid,  and  tlie  covered 
beaker  is  allowed  to  stand  forty-eight  hours  in  a  warm  place. 

The  yellow  scales  of  the  deposited  gold  are  filtered  oflF  and 
Washed,  as  above  described,  with  hydrochloric  acid  and  then  witlj 
water.    It  is  then  ignited  and  weighed. 

Depnsiiion  of  Gold  hy  hfeanx  nf  Ifydmgrn  Peroxide  (/,.  Vanino  and 

h.  Sccman).* 
If  a  gold  solution  is  treated  with  potasaium  or  sodium  hy- 
droxide solution  and  then  with  formaldehyde,  or,  better  still, 
hydrogen  peroxide,  the  gold  is  soon  precipitated  quantitatively, 
even  in  the  cold.  Uy  bailing,  the  finely-divided  gold  collects 
together  and  assumes  a  reddiah-browTi  color.  The  reaction  takes 
place  according  to  the  following  equation: 

2Aua,  +  3H,0, 4-  6K0II  =  CKCl  +  GH,0  +  30, + Au,. 

If  the  gold  is  deposited  by  this  method  from  very  dilute  solu- 
tions it  is  obtained  in  such  a  finely-divided  condition  that  it 
passes  tlirough  the  filter.  If,  however,  the  solution  is  boiled 
until  the  excess  of  hydrogen  peroxide  Is  completely  destroyed, 
and  it  is  then  acidified  with  hydrochloric  acid,  the  gold  can 
be  readily  filtered.  Gold  can  be  separated  from  platinum  by 
this  method. 

*  Bcriclittt  CSdQ).  S2.  p.  ig<iS. 


GOLD  AUOYED  U^tTH  COPPER  AND  SILVER, 
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a.  The  Gold  is  Alloyed  with  Copper  and  Silver. 

When  lEoKl  18  pnsf'iit  in  alluys  i(  is  most  lupidly  and  mnet 
Accurately  determined  in  the  dry  way.  Tho  prinniplo  uf  tlio 
method  is  very  simple. 

If  a  gulil-silvor  alloy  is  melted  in  tlip  air  with  lead  upon  a 
"cupel"  (a  vcrj-  jwrous  vcifee]  nia<le  of  injne-iiali)*  tin*  lea*!  imU 
copper  are  oxidized,  Uie  oxides  fuse  and  arc  afisrjrlx'd  tiy  the 
cupel,  while  all  Wvi  gold  and  silver  are  left  behind  in  llic  fnrrn  o! 
a  melallic  button,  whoee  wii^lit.  b  obtainetl.  The  silver  18  ufttT- 
warda  aeporated  from  the  gold  by  the  adinn  of  iiitrin  neid  wlilctti 
disMiIves  the  silver  but  leaves  the  gold  behind.  If  thf  weight 
of  the  gold  that  is  left  undisitolve«l  is  deducted  from  1h»  weight 
of  tlie  gold-«il\-cr  button  llie  weight  of  the  ailvor  ia  obtained. 

In  order  to  obtain  accurate  rt-sulta  a  nunilwr  of  preejiutinna 
mud  be  taken.  By  the  cu|teIhition  of  the  alloy  some  noblo 
tneUl  is  alwaj-s  lo«t  and  tlie  amount  lost  increaaes  in  proporllnn 
to  the  amount  of  lead  used  and  the  higher  the  t4>niperature. 
Fitrtlionnorc,  small  atuounta  of  tlie  noble  metal  are  abifuHxid  by 
the  cupel  and  thia  amount  is  greater  the  snialkr  the  amcninl  of 
lead  uaed.  lUa  aecoud  Ions  amounts  tu  nnich  less  than  the  frirmtr 
one  ocwakined  by  llie  use  of  too  much  lead.  Conxtquenily,  m 
'  gatdatpdUiH  m  an  tinn.'ccMary  erccm  of  hud  muni  be  avmd^d. 
Esperience  has  shown  that  the  richer  a  gohl^ilver  alloy  ia 
bate  m^tal  the  more  lend  is  ne«r«sary  frir  the  cupellation. 
FortimtDore,  in  the  separaiifm  of  gold  from  ailvrr  by  means  of 
acid  it  b  Beecaaary  to  remember  that  tlie  M-inraiion  is  only 
itilaure  wben  the  alloy  oonststa  nf  three  ur  mnre  parta  of 
liver  to  oa»  part  of  gold.  If  leas  than  three  pana  of  silver  ara 
pitjatnt  for  one  part  of  {^Id,  it  is  nrcpwiary  to  aitd  ptira 
ttBl3  tUa  proportifin  ia  reached.  Thu  opMikiinn  is  kncwn 
as  faint tfi'nn  or  intfuarlatum.  The  separatinn  of  the  ailver  from 
fte  $^iA  bgr  laraiia  of  nitric  acul  ia  .spoken  of  as  parting,  U  a 
tMoy,  tn  the  form  of  fntl.  whifh  coosMta  of  thrae  parts 
[  silver  to  ooa  of  goLl,  is  trvAted  wHh  nitric  acid,  the  latter  metal 
behiod  M  a  brommh  scale;  if  mora  sihrar  Is  present, 
aa  a  fas  powdar,  trnkas  the  acid  is  mad*  extremal/  dahU, 


Tia.  49. 
mate  compositioD  of  the  alloy  before  an  occxirate  dctenninQtion 
oan  be  made.    This  b  determined  by 

The  Preliminary  Anay. 
For  this  purpose  Uie  tiiuSHe  shouTi  in  P'ig.  49  b  heated  to  a 
cherrj'-red  heat,  a  cupel  weighing  from  6  to  7  gmtt.*  is  placed  in 
the  back  jwirt  of  it,  the  tnunie  door  is  closed,  and  the  cupel  heated 
until  it  lias  ac<iuired  the  same  color  as  tlie  niuflle.  After  this 
5  gnis.  of  lead  are  ]>laccd  upon  the  cupel,  the  muffle  is  clnt>ed  until 

*  A  good  cm\k\  will  absorb  its  own  weight  oT  liLlinrgi'.  Uuriug  the  cupel- 
lation  about  on^t'^nth  of  xhf-  litha^g<^  formrd 
IB  loat  by  volatilisation,  BO  that  the  wcijfht  of 
IttharfTv  abaorbed  by  the  ctiptl  U  priiclionlly 
that  u(  thp  iirigtitnl  Ic.til  button.  Fik-  ^  rrpnv 
not*  a  cupel,  together  with  its  cross-svctioD-  l^'I<l.  ^0. 
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tbe  lead  is  melted  and  then  0.25  gia.  of  the  nccurat^ly-wclglird 
alloy  is  enveloped  in  a  small  piece  of  lead-foil,  plucfd  in  Ilic 
mdUD  lead  (with  the  help  of  a  pair  of  tongs),  and  the  inufllo  vloHf'i] 
tiDtil  the  alloy  has  melted  and  shows  a  bright  upper  surfaw*.  Witli 
the  help  of  an  iron  hook  the  cupel  is  now  carefully  advanwd  to 
•bout  the  middle  of  the  muffle  and  the  door  should  bo  left  opm 
00  thai  there  is  a  ready  access  of  air  into  the  niufllc. 

After  about  twenty  minutes  the  lead  will  bo  all  abBdrbml, 
which  is  shoTm  by  the  "blick."  •  The  hut  cu]>el  is  thrn  rrrnnvcd 
from  the  muffle  and  after  cooling,  the  color  of  the  buttnn  i»  ub- 
aenred. 

(a)  //  the  butttm  i«  gremxsh  ycilaw  or  darker,  it  contains  le«i 
than  three  parts  of  silver  to  one  part  of  g^^ld.  in  which  canii  fruin 
four  to  six  parts  of  "fine  silver"  are  a<Jded  (the  proper  amount 
can  be  usually  told  by  the  pracLised  eye)  and  the  button  Ik  ni[w'lhil 
in  a  new  cupel  with  1  gm.  of  lead.  The  button  now  obtained  is 
tnated  with  nitric  acid  and  the  rwidual  gold  weighed. 

(6)  //  the  butifm  it  pure  vhtle,  llwn  thrre  or  more  parts  of 
silreT  are  pneimt  to  one  part  of  gold.  In  thia  case  it  ii  imme- 
diately "ported"  and  the  residual  jrold  wrigjied. 

After  the  approximate  amount  of  gold  preaent  haa  lK-<'n  aaoer- 
taiBnl,t  the  analyns  proper  is  made,  v^ag  the  amount  of  lead  as 
taidlMted  io  the  foOmii^  table: 

UUD  TABLE. 

1000  thomaniMML 0.25  cm. 

WO  •*  Z.SOcnM. 

800  "  4.00     " 

TOO  "  5.M     - 

flOO  * «,00     * 

SOD  "  O.fiO     " 

¥t)m\am  «  »»     ** 

"n    Hi"    il    liillliilitiflti  ■  111    fit  nfiin  iTi  II  III  iiMif 

I  ■  1"  iT     r  •" ^* — -%^"^ — ^--j-.— ^  ..^-.■. 

Ul  -  11    HUT  iia  I  ^      uf      J^  hAOT  «hr  UMfc  a«p  »  ft  «i««M« 
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The  Final  Assai/. 

For  the  definite  detenninatMm  of  the  gold  and  silver,  two 
portions  weighing  exactly  0.25  grii.  we  taken;  the  one  to  serve 
for  the  silver  tletennination  and  the  other  for  the  poM.  Tlie 
former  is  cupelled  with  llie  correct  amount  of  lead  and  the  weight 
of  the  gold-silver  button  is  determined. 

If  the  original  alloy  was  vcrj'  white,  it  contains  more  than 
500  thousatidlhs  fine  of  (silver. 

If  the  alloy  was  greenish  yellow,  it  contains  550-750  thou- 
sandths of  noble  metal,  and  silver  is  present  to  a  considerable 
extent. 

If,  however,  the  alloy  was  a  beautiful  yellow  or  reddish  yellow, 
it  contains  more  than  700  thousandths  of  noble  metal  and  the 
gold  predominates. 

]f,  therefore,  the  alloy  was  white,  onco  again  as  much  pure  silver 
is  weighed  out  as  the  amount  of  gold  foimd  to  bo  present  by  the 
preliminary  assay  (inqviartated  with  one  part  of  silver),  and  tliis 
mixture  w  c\ii>elled  with  the  same  amount  of  lead  as  the  first  [x>rtion. 

If  the  original  alloy  v/hr  j?rcenish  yellow,  it  is  inquartated  • 
with  two  parts  of  silver;  if  it  was  distinctly  yellow  or  reddish 
yellow  it  is  inquartated  with  2i  parts  of  silver. 

TrfiatmaU  of  the  Quartered  GoliiSUi^er  liuUon. 

The  Rokl-silver  button  is  removed  from  the  cupel  w^ith  ihe 
"Ijutton  tongs,"  cleaned  with  a  stiff  brush  ("button  brush"), 
and  Iminmered  upon  an  anvil  to  a  round  disk  about  1  nuu.  thick 
(Fig.  5),  a).  This  is  heated  upon  a  frc«li  rupel  and  quickly  cooled 
by  placing  it  upon  a  piece  of  brass  foil  and  rollijig  it  Itetweeu  two 
steel  rollers  to  a  long  strip  (Fig.  51,  ft);  it  is  again  heated  and 
rolled  t  up  as  shown  In  Fig.  51,  c.     This  Uttle  roll  is  placed  ia  a 

parvtl  witli  that  obtained  from  alloys  containittK  known  amouiiu  of  guld. 
AftcrwariU  tlicfto  ittrcuki*  urt;  te«t«d  witii  dilute  iiquit  rcKta;  ulluyii  coatainiag 
the  same  Mno\m\&  u(  go\<X  u.n  attacked  equally  readily. 

•  Cr.  p,  25H. 

t  By  hnmmerin);  the  gold-silver  alloy,  the  metal  beoomex  no  Imttle  that 
it  cxniiut  tx-  cCHivt-rlni  to  »  HnKHitli-nmr^ineil  roH,  »nd  an  th«  sub«c>queot 
treatment  with  aitric  A<r)<l,  little  piwra  wuuld  probably  drop  ofT.  By  again 
beatiuit  the  metal  jwd  tbea  quickly  cooUuje,  it  regains  its  orid^oal  sottaciH. 


FiQ.  SI. 

flune  amount  of  stronger  ocid  (!<p.  gr.  1.21)5)  itn<]  Dm  abnve  Vtv»i' 
nent  rrix^tcU.  After  this  aciil  is  pourixl  off,  the  button  is 
ihcil  by  dtvautttig  three  tiiuei!  widi  djatilk<d  watnr.  The  (luk 
is  6IIc(l  with  watrr,  ccivt'rrd  vrith  an  annealing  cup  (m  lark- 
ing this  an  nrdinary  {Miro-lain  cnicjltlc  iriay  Iw  tuuvJ),  nml  \» 
then  quickly  invcrtrd  (Fig.  52,  //),  when  the  gold  will  pwii 
into  the  cup.  The  flask  is  removed  by  firvt  raining  its  mouth 
to  the  level  of  the  water  in  the  crueiblc  and  then  sUdinf;  it 
off  ftt  rif^t  angles  and  skilfully  turning  the  flank  right  aide  up. 
The  valcr  ii  poured  off  from  the  gpid  aod  the  crucible  is  placed 
in  tin  back  p«it  of  the  muffle  fur  a  short  time,  whenrby  the  gr>ld 
■i  dried  and  is  changed  from  its  former  brown  and  soft  comlition 
into  a  hankr,  beautiful  ydlow  subatanee.  After  eooUn^  it  is 
wngbed.  By  sabtraninp  the  weight  of  tiie  gold  (rnm  tha  weight 
of  the  goU  and  direr  together,  the  amount  of  silver  is  obtidned. 


a  No.  9 


loflv 


Determinatioa  of  Gold  in  Orct. 

.—The  wry  finely  groaod  nd  of  ted  or*  b  admd  fal 
0«cft4e  with  had  ooJe,  «fatf«DoI,  md  aontc  pi*- 
cuteriaL  IV  duraoat  twdocaa  *  pert  «f  (h* 
to  mgtal  which  aloys  with  the  luU*   meiai  oad 
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stanceR  should  pass  into  the  slag.  After  cooling,  the  crucible  is 
broken,  the  slan;  is  hammered  off,  the  IcACi  button  cupelled  and 
the  silvpr-^^old  button  parted  in  the  same  way  aa  before.  The 
noble  nietnl  should  bft  extracted  with  as  little  lead  as  paisible, 
for  with  an  utinec^flsarily  large  amount  of  lend  some  gold  is  lost 
during  the  ciipollation. 

The  amount  of  lead  reduced  from  the  litharge  depends  largely 
upon  the  nature  of  the  ore.  Sulphide  ores  act  strongly  reducing, 
as  ia  shown  by  the  following  equations: 

PbS+2PbO=SO,+3Pb, 

FeS,  +  5PbO  =  2S<:)a + FeO+ 5Pb. 

In  such  cases  less  charcoal  (or  in  some  cases  none  at  all)  should 
bo  added  than  would  bo  othen^'iae  ncfcessary  to  produce  the  right 
amount  of  lead,  or  in  case  considerable  aulpliide  ie  present,  it  ts 
eonietinics  necessary  to  neutralize  its  action  by  tho  addition  of 
oxidizing  agents. 

Reducing  ores  are  recognized  by  tlieir  color:  they  are  gray, 
blui,sh-black,  or  yellow  (pyritCj  etc.).  Reddish-brown  ores  CFe,OJ 
usually  act  oxidizing: 

FeA+C=CO+2FeO, 

in  which  case  more  charcoal  must  be  added  to  the  charge. 

The  best  n-sults  are  obtained  when  the  lead  button  weighs 
cbouL  IS  gms.  when  obtained  from  30  gnis.  of  ore.*  In  order 
that  such  a  button  may  be  obtained,  it  is  usually  necessary  to 
mako  a  preliminary  assay  of  the  ore.  But  above  all,  it  is  aeoeS' 
sary  that  the  purity  of  the  reagents  used  should  be  tested. 

Testing  the  Reagents. 
The  ordinary  reagents  necesaary  for  a  gold  assay  are: 

1.  Litharge  (PbO). 

Litharge,  the  most  important  reagent,  iii  a  basic  ilux,  for  it 
fonua  uiih  the  silicic  acid  of  the  ore  a  readily  fusible  silicate; 

*  Tliiii  amoimt  U  iisiuilly  sufficient;  with  very  rich  gold  orM  10-15  gnu, 
IB  eniiugli,  whU«  wilh  very  poor  orea  aa  taut;tL  va  VZO  ftms.  may  ba  uaed  to 
Mijvuiitago.     Cf.  Ricketts  and  MiUcr,  NqU»  pd  Assaying.  New  Vork,  1807. 
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ftt  the  Bftme  time,  liowever,  it  is  a  desulphurizing  agriit,  &&  is  sKown 
by  tho  above  reaction. 

The  Utbargc  used  must  be  dry  and  free  from  nxinluni,  for 
the  latter  oxidiu'S  sitvi^r,  carrying  it  iato  tho  slag,  so  that  low 
iTsults  would  be  obt&inod  in  the  silver  dotcrmination.  Tho 
litharge  should  bu  free  from  silver  (which  is  almost  never  the  casn), 
or  its  silver  contents  must  he  known;  this  is  determined  once  for 
all  by  the  following  experiment: 

Litharge 120  gms. 

Sodium  bicorbonatc  (NaHCO^ 60    " 

Argob  (crude  KHC^.OO 2    " 

are  mixed  thoroughly  upun  a  sheet  of  glazed  paper  and  the  mix- 
ture plaocd  in  a  No.  9  French  crucible  and  covered  with  a  layer 
of  findy-powderod,  dry  coumiou  salt.  ITie  covered  crucible  i« 
placed  in  a  glowing  coke-t>ven. 

As  wxin  as  the  contents  of  the  crucible  have  reached  the  state 
of  qui4't  fusion,  the  crucible  is  removeil  from  the  fire,  its  walls  are 
gently  1appe<i  by  the  tongs,  and  it  is  lightly  tap|Hsd  U])on  its 
bottom  in  order  to  knock  down  any  small  [>tirticles  of  lead  adlier- 
ing  to  the  sides  and  to  make  all  of  the  free  metal  collect  together 
DD  the  bottotii  in  the  form  of  a  button. 

After  cooling  tho  crucible  is  broken,  the  slug  removed  from 
the  lead  button  by  hammering  it  upon  an  anvil,  and  it  is  cupelled 
upon  a  cupel  weighing  only  a  few  grams  more  than  the  button 
itself.  The  resulting  silver  button  is  weighed.  The  amount  of 
silver  obtained  must  be  deducted  whenever  tho  corresj'Onding 
aitiouut  of  btharge  is  used  in  an  assay. 

X  Sodium  Bicarbonate  (HaHCO^. 

3.  Anhydrous  Borax  (na,B,0|). 

2  and  3  require  no  testing. 

4.  Charcoal. 

TbB  reducing  power  is  determined  as  follows: 

litharge 60  gms. 

Boilium  bicarbonate 15    " 

nueroal ..•■•■.    1  gm. 
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ftre  mixed,  as  in  the  touting  of  litharf;c,  in  a  French  cnidble  Ko.  9' 
with  a  cover  of  ordinary  common  salt  and  fused.    After  cooling, 
the  weight  of  the  lead  britton  obtaineii  is  determined  and  this  ex- 
presses m  temis  of  lead  the  reducing  power  of  the  charooaL 
I  gm.  of  charcoal  should  reduce  about  30  gms.  lead. 

5.  Nitre  (KHO^ 

serves  as  an  oxiflizing  agent.  Its  oxidizing  power  expressed  in 
terms  of  lead  is  determined: 

Nit:e 3  gins. 

Litharge 60    " 

Charcoal 1  gm. 

Sodium  bicarbonate 15  grns. 

are  mixed  and  fused  as  before  and  the  weight  of  the  lead  button  de- 
tcrmiiipd.  If  under  (4)  it  was  found  that  1  gm.  charcoal  would 
rerluee  P  gm.  lead,  and  if  p  gm.  of  lead  were  obtainwl  in  this  ex- 
periment, then  the  difference  P~-  p  shows  the  amount  of  lead  tliat 
was  oxidizal  by  3  gins,  nitre,  or  the  oxidiung  power  of  the  nitre. 
1  gm.  nitre  oxidizes  about  4  gms.  lead. 

6.  CommoQ  Salt. 

Ordinary  table  salt  is  heated  in  a  large  Ueaslan  crucible  until 
it  melts,  and  the  contents  of  the  crucible  are  poured  into  a  shal- 
low iron  mould  with  a  raised  edge.  The  solidified  crust  is  finely 
powdered  an^I  |)re8er%'e(.l  in  a  8t<ippeTed  flaslt. 

After  tlie  reagents  have  all  been  tested  the  next  atep  is  the 

Preliminary  Assay. 

Five  grams  of  the  fiiiely-puwdereil  and  sifted  ore  am  weighed 
out  and  niixeil  with: 

Litharge SO  gms. 

Sodium  bicarbonate 20    '* 

Borax 5    " 

placed  in  a  crucible  and  covered  with  a  layer  of  common  salt.  After 
fusing,  cooling,  and  hammering  off  the  slag,  the  lead  button  ob> 
taininl  ia  weighed. 

Since  in  an  ordinary  assay  we  start  with  30  gnvs.  of  ore,  th» 
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wogbt  of  Uie  lead  button  now  obtained  multipliod  by  6  will  ^vc 
the  weight  u(  the  button  from  the  real  aasay.  \N'e  uiU  distinguish 
roar  cues: 

(1)  The  Uad  buUcm  weighs  3  ffma. 

Otmsequcnily  the  button  obtained  fmm  30  pjns.  of  ore  would 
Togh  IS  gins.  In  tbls  cumu  the  ore  is  ussayed  with  the  following 
pniportions  uf  flux: 

Ore 30  gms. 

Utharge SO    " 

Sodium  bicarbonate 20    " 

Eorax 5    '* 

(2)  The  taui  button  vvigks  less  than  3  gms. 

Evidently  the  ore  acta  reducingly.but  not  enough  so  to  jield  ft 
button  weigliing  18  gms.  whcu  30  gms.  of  oie  are  used;  it  is, 
tltcrcfore,  ncccxtnTy  to  add  chamoal  to  the  flux. 

Examjie. — Let  us  &s.<iumo  that  the  lead  button  obtained  by  the 
pnefitmnaiy  aasny  woighwl  1  gm.,  then  the  button  obtainM  from 
30  gms.  of  ore  woulil  weigh  G  gms.  In  order  to  obtain  a  button 
vdg^iiDg  IS  gms.  it  is  necessary  to  add  enough  charcoal  to  supply 
Ugms.  of  lead.  If  1  gm.  of  charcoal  was  found  to  leJuce  30  gms. 
of  lead,  then  it  ia  necessary  to  add  12•^30  gms.— 0.4  gms.  of 
charcoal. 

(3)  The  lead  huUon  weighs  more  them  3  gm*. 

In  this  case  tlin  ore  boA  a  strong  nnlucing  power,  and  to  olitaln 
the  lead  button  of  the  right  weight  it  ie  necessary  to  add  sonic  nitre. 

Example. — Suppose  the  button  to  weigh  G  pne.;  this  would 
tamn  a  36-gm.  button  when  30  gtv.s.  of  ore  were  used ;  i.e.  18  gms. 
too  murh  leud  would  bo  produced.  We  must  add,  therefore, 
nough  ttitre  to  oxi.lize  this  IS  gnis.  of  leatl.  If  the  oxidizing  power 
of  1  gm.  of  nit'e  was  found  to  be  4  gms.  of  lead,  then  18-f-4-*4.5 
pna.  of  nitre  must  In;  mlde«l  to  the  flux. 

Remark. — Ores  which  have  a  very  strong  retlucing  power  would 
(iwiuently  require  the  a<hiitiou  of  cmough  nitre  to  cause  the  con- 
tents of  the  crucible  t^)  Ixul  over.  In  such  a  r&se,  about  40-^0  (^ms. 
tra  placed  in  a  " rousling-dish "  and  .ousted  in  a  nmfile,  and  from 
Uus  roasted  ore  th^  p^r.ions  are  taken  for  the  |>relimiiiary  and 
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final  ajwaj-s.    The  results,  however,  must  be  expressed  in  terms  of 
the  unroaated  ore. 

(4)  There  is  no  lead  button  }ormed. 

The  ore  is  either  neutral  or  ikhjscshck  an  oxidixing  action.  The 
assay  is  n^fiej^liHl^  uttiiig  1  ^jii.  uf  vhurcoul,  and  from  the  rcsulla 
nov  obtained  t)ie  fiuul  assay  is  basinl. 

Final  Assay. 

For  the  final  assay  f mnn  H0-^  20  gms.  of  ore  *  are  taken  (accord- 
ing U>  the  amount  of  giild  prfscnl)  and  the  corresponding  amount 
of  sodium  Uicarl>onato  is  added.  The  amount  of  litharge  also  varies 
with  the  amount  of  ore,  and  in  some  cases  ns  much  as  240  gms.  are 
ncpcsparj',  although  as  a  rule  .SO  gma.  nta  siifhciont.  Otherwise  the 
proccduri-'isexaclly  the  same  as  in  the  preliminary  assay.  The  lead 
button  is  cupelled  and  the  weighed  silver-gold  button  is  parted  as 
described  on  p.  203. 

PLATIMUM,  Pt.    At.  Wt.  195.0. 

Platinum  ia  l>est  detcrminc<l  as  metallic  platinum. 

The  following  three  cases  will  Vie  cniLsiderod ; 

1.  The  plwtiriuin  is  present  in  a  hydrochloric  acid  solution 
ather  alone  or  together  with  other  metals,  but  other  platinum 
metals  aix?  alwent. 

2.  The  platinum  is  present  aIloye<l  with  gold  and  silver. 

3.  The  platinum  is  alloyed  uith  small  amounts  of  the  plati- 
num metals  together  with  small  anioimts  of  base  metals. 

I.  The  Platinum  is  Present  in  Hydrochloric  Acid  Solution  Either 
Alone  or  Together  with  Other  Metals. 

The  platinum  is  either  precipitated  from  the  solution  as  ammo- 
nium rhlornphitinate,  (Nll^jl'tCl,,  which  is  dccomjuiswl  by  ignition 
and  the  residual  platinum  weiphed ;  or  the  platinum  is  precipi- 
tated as  metal  by  the  adriition  of  reducing  agent.4  to  the  solution; 
or  finally  the  platinum  i«  precipitated  a-s  fiulphide  by  conducting 
hydrogen  sulphide  into  the  lint  solution  and  changwl  to  platinum 
by  ignition.    The  two  former  methods  serve  to  separate  pbtinum 

•  Usually  "ttAsny  tons"  are  u»d  aa  uoita  in  weiKhins  oui  tlic  <>rp.  nnd 
tlw  w«iglit«  are  oalibrattnj  ia  teniut  of  this  unit  iiixtmd  of  the  |rnun.  An 
"Mwy  ton"  coiiUiiis  tiw  aamv  number  of  milligranis  that  there  ore  ouooM 
troy  to  a  ton,  eo  that  by  weiehing  tbc  bultOD  obUiiiwJ  in  milliKnuna,  [t  ia 
at  uuctf  known  how  many  ounces  per  ton  the  on  carriw. 
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fnwi  meat  other  metals,  while  the  latter  serves  to  separate  plati- 
nom  only  from  the  metals  of  the  alkali,  alkaline  earth,  anil  ammo- 
niuni  sulphide  grotips,  and  not  from  members  of  the  hydrogen  sul- 
phide group. 

(a)  pTteipiialion  of  Platinum  as  Ammonium  ChlaroplaiinaJe. 

Tbe  solution,  concentrated  as  much  as  possible,  is  nearly  neu- 

tniied  with  ammonia,anexcc?aof  ammonium  chloride  and  consid- 

nble  alcohol  arc  adde<l,  and  the  mixture  allowed  to  stand  twelve 

Lours  under  a  glass  boll-jar.     It  is  then  filtered  through  an  asbestos 

SIter  tube  10-15  cm.  long,  washed  with  SO  per  cent,  alcohol  until 

«  foir  drops  of  the  filtrate  leave  no  residue  on  being  evaporated 

to  d-'yueas  on  a  platinum  foj].     The  precipitate  is  dried  by  cou- 

iliKtiog  a  st'oam  of  air  warmed  to  about  90°  C.  through  the  tube. 

After  cooling  the    tube  is  weighed,  a  plug  of  ignited  aubeslos*  is 

iiit.t)duc«l,  and  the  tube  is  again  weighed;  in  this  way  the  vneight 

cf  (he  asbesUw  plug  is  fuuud.     A  stream  of  dry  hydrogen  is  now 

omductcd  through  tlie  tube,  and  the  latter  is  heated  at  as  low  a 

tcmjicmture  as  possible  until  no  more  hydrochloric  acid  is  evolved 

tad  aU  the  amntoiiiuin  chloride  has  been  driven  off,  after  which  the 

Ube  is  eooled  in  a  dct«iccator  and  weighwl. 

instead  of  fdtering  the  precipitate  upon  asbestos  an  uii- 
vd^sed  paper-filter  may  be  used.  The  moist  precipitate  is 
pltccd  together  with  the  filler  in  a  lan?e  iwrcelain  crucible 
BO  that  the  apex  of  tlic  filter-paper  points  upwan.1,  and  tlie 
corerod  erudble  is  then  igniteil.  Tliis  ignition  must  be  jierfonnod 
with  great  care,  aa  otherwise  there  can  Iw  a  considerable  loss  dur- 
ing the  process.  At  firet  tlie  precijiitate  is  drieti  by  gc-ntly  warm- 
ing the  covered  crudbte,  and  when  the  mlor  of  alcohol  has  disap- 
pcarad,  the  («mpcniturc  in  raistnl  very  slowly  imtil  the  crucible  is  at 
I  Btmnf;  rei\  heat.  During  tlio  whola  operation  there  must  be  no 
^isihle  escape  of  vapora  from  the  crucible.  The  decomposition  is 
mmplrte  when  there  is  no  longer  a  penetrating  (Hlor  arising  from 
th«  covered  crucible.  When  this  point  is  reachwl,  the  cove-  (whose 
under  aide  will  be  covoreil  with  carlwn)  is  removed  for  the  firet 
timB  and  leaned  af^in-it  the  crucible  and  the  contents  of  the  latter 


•  Ammonium  clilomplnlinatv  d»TWiiil«t«i  Jurinft  the  lieatiog.     To  pro- 
TCBt  Idm  o(  mibalauoe  it  is  boated  between  two  o^cetoa  pluRB. 
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&Te  ignited  with  free  access  of  air  until  the  carbon  from  tJie  filter* 
paper  is  completely  burned.  Often  a  slight  deposit  of  platinum* 
will  he  foiirnl  in  the  upper  part  of  the  cnieible  and  upon  the  cover, 
BO  that  the  latter  must  always  be  weighed  with  the  crucible. 

Remark. — If  it  seeris  likely  that  the  precipitate  of  ammonium 
chloroplatinatc  is  contaminated  with  other  siilistjinres  (e.g.  iw>- 
dium  chloride,  etc.)  the  precipitate  can  be  dissolved  in  water  after 
It  has  been  washed  with  alcohol  and  dried.  The  platinum  may 
then  be  determined,  as  deseriiied  on  p.  i30,  by  precipitating  wth 
mcrcurj-,  washing  with  dilute  hydrochloric  acid  and  then  with 
water,  and  finally  weighing, 

Tlie  rcjiulb?  obtaine<iby  this  method  are  satisfactory  but  some- 
what lower  than  Che  true  values;  the  following  process  is  more 
accurate: 

(6)  Precipitation  of  PUUinum  by  Heducing  Agents. 

The  solution  is  freed  from  any  excess  of  acid  by  evaporation, 
placed  in  an  IMeniiieyer  flask  into  the  neck  of  u-hich  ib  groimd 
Vi  fit  u  return-flow  condenser.  The  solution  is  neutralized  with  am- 
monia, an  cxceus  of  formic  acid  and  a  little  ammonium  acetate  are 
added,  anti  the  contents  of  the  flask  after  being  diluted  to  a  volume 
of  2CX)  c.c.  are  heated  to  about  SO"  C.  on  the  water-bath  until  tlic 
evolution  of  carbon  dioxide  has  nearly  ceased.  The  flask  is  now 
connected  with  the  retum-flow  condenser,  and  its  contents  boiled  for 
twenty-four  hours.  The  precipitated  metal  ia  filtered  off,  wa.shed 
with  dilute  hyd  .•ochloric  acid,  then  with  water,  dried,  ignited,  and 
weighed. 

a.  The  Platinum  is  Alloyed  with  Gold  and  Slhrer. 

An  alloy  is  seldom  found  which  contains  only  the  above  three 
noble  raetaU;  usually  copper  la  also  present.  The  first  step,  then, 
is  to  separate  Jie  noble  metals  from  the  others  by  L'U]«'llalion  with 

•  Hynjc«nBo(  thedrydi»tillatK>ii(jf  the  filler,  carbon  mono  .ide  iitfonned, 
Eind  liy  till!  decumposition  of  iho  ammoniniii  clilomptnLinjitft  chlorine  i«  wt 
free.  These  two  giuH'H  net  u[>(>ii  IIil'  iiiftiiHic  platiuum  and  fomi  volatile  com- 
pniinds  (PtCI,.CO,  PlCI,.2C0.  mid  2I'lC],.3CO).  whidi,  howcvi-r.  Are  lalor 
decomposed  by  tlic  n')U(wiiii  vapor.  This  causes  the  dcpualt  of  platinum  in 
Ihff  u|>p«r  |Mirt  of  Ui«  crucible.  In  order  to  avoid  loas,  a  large  crucible  ahould 
betiaed. 
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lead  as  described  on  p.  359,  after  which  the  hammered  and  rolled 
button  is  treated  nith  pure  concentrated  gulphuiic  acid.  {Nitria 
arid  cannot  be  used,  for  some  platinum  would  be  dissolved  with 
the  silver.]  After  boiling  for  ten  minutes,  the  silvrr  will  be  com- 
pfeteJy  diififoh'cd,  provided  at  least  two  parts  of  silver  are  present 
(or  each  part  of  platinum,  which  is  usually  the  case.  If  mora 
platinum  is  probably  present  than  corresponds  to  the  above  ratio, 
pure  silver  should  be  added,  and  the  mixture  cupelled  once  mora 
villi  1  gm.  of  lead. 

After  the  alloy  has  IxH'n  boikii  for  ten  minutes  with  sulphuric 
acid  it  is  allowed  to  c«h>I,  rdU^rtnl,  and  the  treatment  frith  sulphuric 
acid  rcpcate*!  once  again.  Tlie  mclJii  reniaiiiing  behind  (in  the 
form  of  a  roll  or  afl  a  powder)  is  washeil  three  times  by  decantation 
•ilh  water,  ignited,  an{t  weighed  as  dwwrilwil  under  gold.  TMa 
givefl  the  weight  of  the  gohl  and  the  platinum  together,  and  by  siib- 
fBcting  thiH  amount  from  the  original  weight  of  the  noble  metals 
obtained  after  cu[K)Llalionj  the  weight  of  the  silver  Is  obtained. 

Separation  of  Gold  from  Platinum. 

Prinfiplr. —  If  an  alloy  of  gold  and  platinum  U  treated  with 
nitric  acid,  neither  metal  Is  attjicked.  If,  however,  the  alloy  con- 
taina  three  parts  of  silver  to  one  of  gold  and  platinum  taken  to- 
plher,  and  the  alloy  is  treatmi  at  first  with  acid  of  sp.  gr.  1.16  and 
then  with  acid  of  sp.  gr.  1.2S,  the  platinum  gradually  goes  into 
lolution  with  the  silver. 

Practdwrf, — The  gold-platinum  alloy  is  cupelled  with  three  times 
its  weight  of  pure  silver  and  1  gra.  of  lead,  the  resulting  button  is 
hammerwl  and  rollwl,  after  which  it  is  treated  with  nitric  acid  (of 
the  strength  .stated  above),  and  the  residual  metal  weighed.  It  is 
^ain  cupcMel  with  three  parts  nf  jjurc  silver,  and  the  same  proc- 
CB  repeated.  This  is  continued  until  a  constant  weight  is  finally 
obtained  for  the  residual  gold;  the  thinl  operation  usually  accom- 
pttBhcH  thia. 

Invtead  of  effecting  the  separation  of  the  gold  from  the  platinum 
in  thi»  way,  the  two  metals  may  be  diMsoIverJ  in  aqua  rcgia,  and 
tfaegpkl  precipitated  by  means  of  ferrous  sulphate,  as  described  on 
p.  ^t.     Ttus  is  a  good  method. 
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According  to  Vaniiio,  and  Seemonn  •  tlie  separation  is  effected 
much  more  quickJy  by  precIpitatlnR  the  gold  from  an  alkaline 
solution  by  means  of  hydrogen  peroxide.  In  order  to  determine 
the  platinum,  it  is  precipitated  from  the  boiling  acifl  nitrate  by 
hydrogen  sulphide  and  weighed  as  metal  after  ignition  iu  a  porce- 
lain crucible. 

Analysis  of  Conunercial  Platinum,  according  to  Deville  and  Stas. 

Five  grams  of  llie  plnunum  alloy  f  arc  hivitfd  fur  fivf;  hours 
at  a  temperature  of  about  1000°  C.  with  ten  times  as  much  lead 
in  a  rnicilile  of  purified  gas-carbon;  this  cnieiblo  is  ombeiidwl  in 
one  of  day  which  is  filled  with  charcoal.  After  cooling,  the  lead 
button  jfi  treated  witli  very  dilute  nitric  acid  until  thcro  ia  no 
longer  any  gas  evolv<Ml. 

In  thiti  way  a  solution,  A,  is  obtained,  containing  alraut  08.4 
per  cent,  of  the  lead  used,  all  the  i)alladlum  and  copper,  and  small 
amounts  of  platinum,  rltcidium,  and  iron,  and  a  residue,  B,  consist- 
ing  (if  a  black  iiielailic  powder,  whicli  U  filtered  off,  and  will  contain 
the  remainder  of  the  platinum  and  rhodium  with  all  of  the  iridium 
and  ruthenium. 

1.  Trtt^mfnt  of  the  Nitric  Add  SoJution  A. 

The  lead  is  precipitated  by  tlm  addition  of  slightly  more  than  the 
theoretical  amount  of  sulphuric  acid,  and  filtered.  If  the  lead  sul- 
phate is  pure  white,  it  is  washed  with  dilute  sulphuric  acid.  If  it 
is  not  absolutely  white,  it  is  washetl  with  a  solution  of  ammonium 
carbonate  until  it  becomes  so;  email  amounts  of  lead  are  dissolved 
by  this  operation.  Tliis  last  wjish  iii)\rid,  theirf'ire.  is  concen- 
trated, to  prer-ipitate  the  lead  carbonate,  filtorod.  and  after  making 
acid  with  hydrochloric  acid,  added  to  the  main  filtrate. 

The  solution  is  eva[Hirated  to  alx>ut  100  c.c.  and  when  cold  is 
poured  into  a  saturated  aolution  of  ammonium  chloride.  The 
mixture  i*  heated  to  boiliiiR  and  allowed  tn  cool  again.  The  am- 
monium chloi-oplatinate  is  filtered  off  and  washed  with  a  saturated 
solution  of  anmionium  chloride;  in  this  way.  the  greater  part  of 
tlie  platinum  is  obtained. 

*  Berichtc  1890,  p.  1071. 

t  All  commercial  plalinuni  contains  other  platinum  inclals,  tflpeciaHy 
iridiuin. 
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The  6linvtc  from  the  plBtinum  prccipitjitc  is  boiled  with  formic 
flcid  ud  anunoniuii)  acctstc  as  (Icecribtxl  on  p.  270,  b.  In  this  case 
Ihemnaimlcr  of  the  platinum,  the  palladium,  and  the  rhofliuni  will 
be  piwipilalc*!.  Tlicsc  metals  are  iiltcrecl  i>ff,  and  the  popper  and 
ino  ax  determined  in  the  filtrate  in  the  usual  way.  The  formic 
adil  prvinpitate  (cun&isving  uf  &  black  metallic  powder)  is  drieil  and 
fuacd  with  initassiuni  bisulphatc  in  a  porcelain  crucible.  The  melt 
V  treated  with  water,  the  aolution  decanted  from  the  unattacked 
pliUnum  aiid  washed  altcniately  with  ammonium  carbonate  and 
ohne  acid  (to  remove  traces  of  lead  sulphate),  then  with  dilute 
tiTffmfluoric  acid,  ami  finally  with  water;  it  is  then  dried  and 
weighed.  The  Jillrale  from  the  platinum  rnntains  palladium  anA 
(dodium.  The  fonner  is  prccipilat*-)!  by  the  adciition  of  mercuric 
rjuide,  and  boiling  until  the  oilnr  nf  hydrocyanic  acid  has  diaap- 
iraifd.  Tlic  VKhmiinmis,  yclloni-sh-\vhi|j»  precipitate  of  palladouJ 
T)'anido  is  washed  fiivtbydecantatidn.tlicn  upon  the  filter,  driwl.  and 
ignttnl  at  first  c antiously  and  thcji  strongly  over  the  blaftt  until  the 
paraeyanidc  is  romph-tfly  ilrwtroyed;  finiilly  hratinp  in  a  current 
of  hydrogen  (as  in  the  case  of  copper  sulphide,  p.  \Xi)  in  order  to 
mlooe  any  palladium  that  has  been  cxidiited  by  the  previous  treats 
nicot.  As  siton  as  the  flame  is  rcmovoil,  the  supply  of  hydroRen  is 
« finco  cut  off  in  order  to  pvvent  its  Ijcing  absorbed  by  the  metal. 
.  The  i«ill»dium  is  weighed  after  cooling. 

The  rhotfium  is  preripitated  from  the  filtrale  by  means  of  formic 
*dd,  as  before,  and  the  drpi»sitod  mclal  is  drieil,  ignitrd  in  a  stream 
td  hydrogen,  allowed  to  cool  in  the  gas,  and  then  weighed. 

2.  Trmtmeni  oj  the  Residue  B. 

The  wflshcfi  residue  is  wormed  with  dilute  aqua  regia  (in  thia 
esse  2  voL  nitric  arid,  8  vol.  hydrochloric  acid,  and  90  vol.  water), 
And  in  thia  way  solution  C  is  obtained,  wfiicli  cotitains  the  rest  of 
the  trad,  platinum,  and  rhodium,  and  residue  D,  consisting  of 
iamelhe  of  iridium  ami  nithenium. 


3.  Trealmcjit  of  the  Solution  C. 

MU'T  evaporaling  to  a  small  voUnne.  the  lejid  is  removed  by  sul- 
phuric acid,  the  solution  again  ev.n|>orate<l.  taken  up  in  hydro- 
ehioric  add.  and  tJio  platinum  present  is  precipitated  by  pounng 
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into  a  coM  saturated  solution  of  ammorkium  chloride  exactly  ae 
descrilxxl  under  1,  p.  272.  Ttio  platinum  precipitate  contains  a 
little  rliodium,  and  after  watching  it  with  a  saturHtrd  wilulion  o( 
animoiiium  clilnriilc,  it  is  placed  at  otic  t^ide  fur  ttie  time  being. 

The  fittratc,  together  with  the  wash  water,  is  uvajKirHttHi  until 
more  platinum  and  rhodium  separate  out  on  eooLing,  and  this  pre- 
cipitate is  Altered  off  and  washed  as  before. 

Itoth  filU^rs,  together  with  the  precipitates,  arc  now  placed  in  a 
Bmall,  woighcil  porcolain  dish,  dried,  and  reduced  at  as  low  a  tem- 
perature a.s  possible,  in  a  stifain  of  ilhmitnating  gas,  and  heated 
Boniewhat  in  a  muffle  so  as  to  remove  tliecarljon  fnim  the  filter. 
The  metal  thus  obtainal  (jilaUnum  -(-  rhodium)  is  weighed.  For  the 
separation  of  the  rhodium  from  the  platiruim,  the  spongy  metal  13 
neated  in  the  same  dish  with  potassium  hisulpnatc,  gradually  rais- 
ing the  temperature  until  a  dnll-rod  lieal  '\a  dlitiiiiied.  After  cool- 
ing, the  melt  Is  extracted  with  water,  the  nnaltackcd  platinum  (it 
may  still  contain  small  amounts  of  rliniiium)  is  tiltere<l  ofT,  washed, 
and  again  fusal  with  jMitassium  hiriuIphfUe.  Tliia  operation  is 
repeated  until  the  rliodium  is  eoni[ilcti'ly  extracLcil,  which  is  known 
by  the  melt  showing  no  yellow  color  after  ten  minutes. 

The  platinum  is  washed,  ignited,  and  weighed  as  described 
under  I. 

Tlie  combined  filtrates  from  the  platinum  contain  rhodium  and 
still  a  little  platinum.  Ammonia,  acetic  and  formic  acitls,  there- 
fore, are  added  once  more,  and  the  solution  boiled  for  a  long  time. 
The  precipitated  metal  is  filtered  off,  ignited,  weighed,  afterward 
fused  at  a  distinct  retl  heat  with  pntassium  bi.iulphate,  and  the 
cold  melt  extracted  with  water.  If  a  rrsiihic  remains  after  this 
treatment,  it  is  filtered  off,  weighed,  and  treated  with  dilute  aqua 
regia.     If  it  dissolves,  it  is  platinum ;  if  it  does  not,  it  is  rhf>dium. 

The  nitrate  from  the  ammonium  chlnmplatinnte,  which  con. 
tainwl  some  rhodium,  is  diluted,  formic  aeid  and  ammonium  ace- 
tate are  added,  and  it  is  gently  boiled  for  two  or  three  daj-s  in  an 
Ericnmeyer  flask  connerle<l  with  a  retum-fl<iw  condenAcr.  The 
liquid  evaporates  somewhat  in  spite  of  the  conden.ier,  and  the  evap- 
orated part  is  replaced  from  time  to  time  with  a  dilute  ."solution  of 
ammonium  formate.  In  this  way  small  amounts  of  platinum  and 
rhodium  are  precipitated,  which  are  filtered  oS  and  separated  by 
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tiisioQ  frith  potassium  bisulphate  as  before.    In  the  filtrate  there 
•nfikely  to  be  present  traces  of  platinum,  rhodium,  and  iron. 

The  iron  is  firet  removed  by  the  addi  tion  of  chlorine  water  and 
ifterrard  ammonia;  the  ferric  hydroxide  is  filtered  off,  ignited, and 
n^gbeil.  In  order  to  remove  the  laxt  traces  of  platinum  and  rho- 
dium, this  bst  filtrate  is  evaporated  to  dmiess,  the  residue  hcaiod 
with  nitric  acid  in  order  to  remove  the  amniomum  chloride  com* 
pVU-ly,  and  then  boiled  for  a  long  time  with  formic  acid  and  ani- 
Dmiiiurn  acetalt.  The  traces  of  meta.1  thus  obtained  arc  wu«hea 
nidi  hydrDfluoric  acid  and  added  to  the  main  portion  of  platinum 
uuj  riKMlium. 


4,  Trealmcnt  of  Die  Residue  D. 

■Hic  undissolved,  gray  lamella*  consisting  of  iridium,  nithenium , 
uu]  small  amounts  <>f  iron  obtained  by  the  action  of  diEutc  aqua 
rrzla,  are  filLenxI  ofT.  driu<d.  ignited  in  an  btmcaphere  of  hydrogen 
or  illuminating  gas,  and  wci):he«L. 

TIms  weighed  iiietiil  is  tlicn  fused  in  a  pure  gold  crucible  with 
pfftaanum  nitrate  and  carbonate.  J'or  tliia  purpose,  a  previoiisly 
mrltol  nuxture  of  3  gnm.  iKitiuwiiim  nitrate  and  10  pi\».  potassium 
rarbonnte  is  placed  in  the  cnioililr,  the  metal  luldeil, and  the  mix- 
tore  healed  for  two  hours  at  a  diill-ritl  tt-mperature.  In  Uiisway 
(ill-  ruthenium  is  changed  rciniplotely  Into  water-stvluble  [xitassium 
mthrnate,  IC,RuO|,  and  the  iridiim)  is  nxiilizc^l  to  [r,0,;  the  latter 
farms,  to  some  extent,  a  tnuluhlc  c<mi|M)und  with  the  alkali. 

The  melt  is  treated  with  water,  and  the  »i>]iiti(>n,  together  with 
Uic  nu-ipendej  Ir^Oa,*  ia  poured  into  a  titoppered  cylinder,  the  pre- 
cipitate aDowed  to  settle,  and  the  clear  liquid  decanted  oft  into  a 
rrtoTt. 

The  Toiiiduo  remaining  in  t  he  cylinder  \s  covered  repeatedly  with 
a  dihitc  sohit'on  of  sodium  hyi>ocliIonte  and  sodium  carbonate, 
until  tiie  vnllow  color  is  completely  removed.  The  decanted  liquid 
is  arJde<l  to  the  main  solution  in  the  retort.  This  solution  con- 
tairn^  all  the  ruthenium  and  n  part  of  the  iridium.  It  is  saturated 
with  chlorine  in  the  cold,  di.stilled,  and  the  distilhite  received  in  a 
mixture  of  alcohol  (distilled  over  potassium)  and  pure  hydro- 
ehJortoacid. 
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After  tho  distillation  is  complete,  the  alcoholic  distfllfttc  is  cvap- 
orateU  to  dryncaa  and  the  ruthenium  chloride  thus  obtained  ia 
reduced  to  metal  by  hr-.iting  in  a  stream  of  livilrogfn.  After 
weighing,  the  purity  of  th'P  nithcnium  is  testod.  It  mu.st  dissolve 
completely  in  a  concentriUe<l  solution  of  sodium  hypochlorite. 

'  Tlic  liquid  remaining  in  the  retort  is  evaporated  to  a  small  vol- 
ume, the  insoluble  residue  reitiainiiig  in  the  cyhiuler  (that  was 
washed  with  sodium  hypochlorite  and  sodium  carbonate)  is  added, 
and  the  mbcture  bniled  with  caustic  soda  polution,  with  the  addi- 
tion  of  a  little  alcohol,  until  all  of  the  Iridiiiin  ra  precipitated. 

The  dark-blue  precipitate,  consisting  of  iridium  oxide  and  small 
amounts  of  ferric  Iiydrojtide,  is  filterwi  off,  washed,  and  strongly 
ignited.  The  ferric  oxide  rontained  in  it  is  then  extracted  with 
hydrochloric  acid  contahjing  some  ammonium  iodide,  and  the  re- 
sidual iridium  oNiile  is  wawhcd  successively  with  water,  chlorine 
water,  antl  tiydrofluoric  anid  in  order  to  remove  gold  that  came 
from  the  crucible  and  silicic  acid  from  the  eaustic  soda.  It  is  then 
ignited  in  hvilro^i^n  and  tho  iridium  weighed. 

The  inin  prcMeut  in  the  bydnicbloric  arid  extract  is  precipitated 
aa  ferric  hydroxide,  ignited,  and  weighal.  Its  purity  is  tested  by 
heating  in  a  stream  of  hydiogen  and  hyilrorhloric  acid,  to  see  if  it 
caoi  be  completely  changed  to  ferrous  chloride  and  volatilized  as 
such. 

F.  Mylius  and  F.  Forstt-r*  have  recommended  that  platinum 
bo  testcf-1  for  small  amounts  of  impurity  by  taking  three  separate 
portions  e-ach  weighing  10  gms.  The  first  portion  ia  tested  for 
palladium,  iridium,  and  ruthenium  according  to  the  lend  pro- 
eediirc  just  (Icscrihed  of  Deville  and  Stas.  The  second  portion 
ser\'cs  for  the  iron  dctermiuiition;  the  met.il  ia  dissolvwl  in  aqua 
regis,  the  platinum  metals  precipitated  by  formic  acid,  and  the 
iron  detcmuncd  in  the  filtrate.  In  tho  thirfl  portion,  rhodium, 
silver,  copper,  and  lead  are  determined  by  volatilizing  the  plati- 
num as  PtCl,CO  at  235**  C.  (temperature  of  boiliiie  cjuinolin)  in 
a  stream  of  carbon  monoxide  and  chlorine,  and  determining  the 
above  substances  in  the  residue. 

Hrmnrk. — The  determination  of  the  iron  in  a  separate  portion  is 
to  be  recommended,  for  in  the  lead  procedure  some  iron  is  alwaj-s^ 
obtained  from  the  carbon  crucible. 
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Selenium,  Se.    At.  Wt.  79.2. 


Selenium  is  usually  determined  as  the  clement  ibtclf. 
Three  caaes  are  to  be  considered : 

L  Th«  setcoium  is  present  as  alkali  8el«mt«  or  as  oclenioua  acid, 
n.  The  selenium  is  present  a^  alkali  aelenate  or  as  »elenic  aeid* 
III.  Tlie  seleoium  is  preaent  as  potassium  selenocyaDiiie. 

I.  The  Selenium  i>  present  as  selcniU  or  as  free  seieinous  acid. — • 
The  solution  is  acidifietl  with  hydrtwhloric  arid,  saturatoi  with 
■ulphiir  dioxide  gaa,  boilod,  filtered  thmugh  a  Gooch  crucriblc,  and 
wuhed  first  with  wat^cr,  then  with  aleohoL  The  residue  is  dried 
tt  105*  C.  and  wciRhed. 

Remark. —Thf  prcc-ipitation  of  selenium  by  sulphur  dioxide  is 
I'lraj-s  quantitative  whether  the  solution  is  concentrated  or  dilute, 
whether  it  contains  much  or  little  free  acid.  This  latter  fact  is  of 
importance  in  the  separation  of  selenium  from  tellurium,  for  the 
tBtt«r  element  is  not  precipitated  by  sulphur  dioxide  when  tionsid- 
ernblc  hyilroehlorie  acid  is  present  (cf.  p.  27G). 

llirtsphorous  acid  docs  not  prccipitato  selenium  from  coI4 
dilute,  strongly  acid  solutions;  thi.^  fact  is  made  use  of  in  th« 
Kpar&tion  of  selenium  from  merrur>-  (cf.  p.  28!). 

n.  The  selmium  is  prejirnt  as  cdktili  seUnate  or  tut  free  nelenit 
acid, — Aa  selenium  in  the  form  of  swienic  acid  in  not  precipitated 
by  sulphur  dioxide,  phosphoric  acid,  or  hydrogen  Kiilphide,  it 
mtut  bo  first  reduced  to  si-lcnou.i  acid  by  long-continued  hoilinj 
with  hydrochloric  acid  (cf.  Vol.  1);  the  above  procedure  is  then 
followed. 

III.  The  selenium  is  present  as  potassium  srJerutcyanide. — The 
snlutinn,  concentrated  as  tnuch  as  potusibte,  is  treated  with  hydro- 
dJoric  acid,  boiLnl,  allowed  to  settle,  and  the  preeipitalc  filtered 
through  a  G^xicli  crucible,  dried  at  105*  C,  and  wt-ij^lied. 

Remark. — From  very  dilute  solutions  of  potatwiuni  w-lcnocy- 
■nide.  sHenium  separates  out  only  ver>"  slowly  acwtrdins  to  this 
method;  it  is  therefore  advisable  to  concentrate  the  solution  as 
nuch  as  possible,  but  when  this  cannot  be  doncj  the  hotlinr;  with 
hydrochloric  acid  should  be  continued  for  some  time  and  the  liquid 
■Bowed  to  stand  before  filtering. 
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In  practico,  selenium  is  obtained  usually  in  none  of  the  above 
forms,  but  as  impure  selenium  (selenium  sponge)  or  as  selcnide, 
and  by  the  treatment  of  these  suliatances  one  or  the  other  of  the 
above  selenium  compounds  is  obtained. 

If  the  selenium  or  selenide  is  acted  upon  by  concentrated  nitric 
acid,*  or  aqua  regia,  all  of  it  is  dissolved  in  the  form  of  selenous  acid 
(not  seleiiic  acid).  After  evaporating  the  solution  several  tiints 
with  hydroclJoric  acid  in  order  to  remove  the  excess  of  nitric 
add,  the  Beleuium  is  precipitated  by  sulphur  dioxide  as  dwscrilfed 
under  1. 

If  tlie  finely  powdered  selenium  or  selenide  is  intimately  mixed 
with  two  jjarts  sodium  carbonate  and  ohq  part  poLassium  ni- 
trate, placird  in  a  nickel  crucible,  covered  with  a  layer  of 
sodiuni  carbonate  and  potassium  nitrate  and  heat^nl  graduiilly 
until  it  fusfs,  all  the  selenium  forms  alkali  selennte  and  on  ex- 
tracting the  raelt  with  water  it  goes  'mU>  solution;  in  this  way  it 
is  separated  from  most  of  the  remaining  oxides.  The  8olut4on» 
however,  oft/'n  contains  small  amounts  of  lead.  In  onler  t<j  re- 
move the  latter,  the  filtrate  is  treated  with  hydrogen  .sulphide, 
and  a^ain  filtered;  the  solution  ia  freed  from  hydrogen  sulphide 
by  boiling,  stron^jly  acidifieil  with  hydrochloric  acid,  I>oilcd  until 
no  more  chlorine  is  evolved  and  the  selenium  is  precipitated  by 
sulphur  dioxide  according  to  II. 

Jiemarks. — The  mixture  must  be  heated  very  slowly,  as  other- 
wise some  !tcl?nium  is  likely  to  be  lost  by  volatilization. 

Selenium  and  very  many  selenium  compounds  may  bo  satisfac- 
torily determined  n.«>  follows:  The  dr>-,  finely  powd^-red  sjionge  is 
fused  at  as  low  a  temperature  as  possible  in  a  current  of  hydrogen  f 
with  twelve  times  as  much  potaasiiim  cyanide.  After  the  masa 
has  f\i9ed  quietly  for  about  fifteen  minutes  it  is  allowed  to  cool  in 
hydrogen.  It  is  then  extracted  with  wat^r,  the  solution  is  heated 
to  boiling,  and  analyzed  acwmlingto  III. 

•  Mercury  cyanide  ia  unaclcU  iipon  liy  nitric  wcid,  but  is  diattulved  by 
aqua  rcgin. 

t  A  Hose  crucible  (F"ig.  37,  p.  I&5)  w  used,  or  a  round-bottomed  0s«k 
with  A  long  riuck  mode  of  diflivuUJy  fiuibk!  ftla^  from  which  the  air  u  replaced 
by  hyiltogpn,  In  the  Inttor  cdjv  the  deli  very- mbo  muat  be  ao  wido  that  the 
neck  of  the  flrLik  is  nnnrly  filled  with  it. 
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It  is  necessary  to  boil  the  solution  of  potassium  selenocyanide 
before  acidifying  it,  for  small  amounts  of  potassium  selenide 
(KjSe)  are  almost  always  present,  and  on  acidifying  with  hydro- 
chloric acid  this  is  decomposed  with  evolution  of  hdyrogen  selenide. 
On  boiling,  the  potassium  selenide  ia  changed  to  potassium 
selenocyanide  according  to  the  equation: 

2K2Se+2KCN+2H20+02  =4KOH+2KCNSe. 

Telluridii,  To.     At.  Wt. .'  127.5. 

Tellurium  is  usually  determined  as  the  element  itself. 

If  sulphur  dioxide  is  conducted  into  a  hydrochloric  acid  solu- 
tion containing  teIlm"ous  acid,  black  tellurium  is  quantitatively 
precipitated,  provided  the  aoluiion  does  not  contain  too  much  acid. 
If  tellurous  acid  is  dissolved  in  200  c.c.  of  hydrochloric  acid,  sp.  gr. 
1.175,  no  telluriiun  wiU  be  precipitated  on  passing  sulphur  dioxide 
into  the  cold  solution.  If,  however,  the  solution  is  diluted  with 
an  equal  volume  of  water  and  sulphur  dioxide  is  passed  into  the 
boiling  solution,  all  the  tellurium  will  be  precipitated.  The  pre* 
dpitate  is  filtered  off,  washed  with  water  until  free  from  chlorides, 
then  with  alcohol,  dried  at  105''  C.  and  weighed.  The  oxidation  of 
the  tellurium  during  the  drying  is  so  slight  that  it  can  be  disre- 
garded.* 

Separation  of  Selenium  and  Tellurium  from  the  Metals  of 
Groups  m,  IV,  and  V. 

By  conducting  sulphur  dioxide  into  the  solution  fairly  acid  with 
hydrochloric  acid,  the  selenium  and  tellurium  will  be  quantita- 
tively precipitated  while  the  other  metals  remain  in  solution. 

*  The  presence  of  oitric  acid  prevents  the  complete  precipitation  of  the 
tellurium  by  means  of  sulphur  dioxide  and  similarly  the  presence  of  sulphuric 
aciJ  13  harmful.  To  remove  nitric  acid,  sodium  chloride  is  added  and  the 
solution  evaporated  to  dryness  repeatedly  with  hydrochloric  acid.  According 
to  Brauner  the  addition  of  sodium  chloride  ia  absolutely  necessary,  as  other- 
wise an  appreciable  amount  of  tellurium  will  be  volatihzed  as  chloride. 
A.  Gutbier  (Ber.  34,  2724  (1901)  )  reports  that  all  these  difficulties  are  over- 
come by  precipitating  tellurium  from  a  hot  solution  by  means  of  hydrasine 
hydrate  or  hydrasine  hydrochloride,  but  not  the  sulphate.  See  also  P. 
Jannaacb  and  M.  Miiller,  Ber.  31,  2393  (1898). 
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Separation  of  Selenium  and  Tellurium  from  the  Metals  of  Group  II. 
(a)  From  Copper,  BismxUh,  and  Cadmium. 

Sulphur  dioxide  U  passed  into  the  boiling  solution,  acid  Tiith 
hydrocliloric  acid,  wherein-  all  of  the  sclotiium  and  tellurium  and 
Usually  some  of  the  bisiuulh  are  precipitated.  The  precipitate 
after  bciu^^  washed  is  dissolved  in  nitric  acid,  the  solution  evapo- 
rated to  dj'yness.  taken  up  in  concentrated  hydrocUoric  acid, 
dilated  with  a  little  water  and  predpitated  with  hydrogen  sul- 
phide. The  precipitate,  consUtinj:  of  the  three  sulphides,  is  washed 
and  then  treated  with  sodium  sulphide  solution  whereby  selenium 
and  ijolluriuiu  pass  into  s<>lution  wliile  the  bismuth  remains  behind 
as  ita  brown  sulphide  and  U  filtered  off. 

The  solution  coritiiinuig  the  selenium  and  tellurium  is  ncidified 
with  nitric  acid,  carefully  evaporated  to  drjuess  and  the  residue 
boiled  with  20O  c.c.  of  hydrochloric  acid,  sp.  gr.  1.175,  until  there 
is  no  longer  any  evohition  of  chlorine.  The  deponiited  sulphur  is 
then  filtereil  off  through  a  Gooch  crucible,  and  the  filtrate  satu- 
rated with  sulphur  dioxide  gas;  all  the  ftdenium  ht  in  this  way  pre- 
cipitated. The  latter  is  filtered  off  through  a  Goiieh  crucible  and 
washed  successively  with  a  mi.Nture  of  DO  vol.  IICI  (sp.  gr.  1.175) 
and  10  vol.  water,  dilute  hydrochloric  acid,  and  finally  absolute 
alcohol.  The  precipitate  is  dried  at  105°  C  and  weighed.  TTie 
filtrate  is  diluteil  with  an  equal  volume  uf  water  and  the  tellurium 
precipitated  by  passing  sulphur  dioxide  into  the  boiling  solution. 
This  precipitate  ht  washed  with  water  until  free  fruni  chlorides, 
then  with  absolute  alcohol,  after  which  it  is  dried  at  10o°  C.  and 
weighed. 

Remark. — The  above  method  is  suitable  for  the  sepnration  of 
selenium  and  tellurium  from  small  amounts  of  bismuth,  but  does 
not  effect  the  separation  of  selenium  (anrl  tellurium)  from  copper. 
In  this  case,  more  or  less  copper  selenide  is  fonned  according  to 
the  conditions,  and  this  compound  is  not  decomposed  quantita- 
tively by  sodium  sulphide.*  In  this  case,  the  method  of  B. 
Braurier  and  B.  ICuzmat  may  be  used. 

♦(;(.  E.  Kfllcr.  J.  Am.  Chem.  Soc.,  19,  771. 
t  Bcrichte,  1907,  33«2. 
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The  tcUurimn  and  aeleiuum  an?  precipitnlod  in  a  prMMUN 

fladc,  by  means  uf  SOi,  thu  procipit-ikU'!,  which  Ja  contaminated 

with  copper,  anlimuny  und  bUmuth,  ia  littorcd  (UHinK  n  (liHioh 

eiucible)  washed,  dissolved  in  nitric  Hcid,  the  m)Uiti<m  evnpomlml 

to  <Iiynea  and  the  residue  titken  up  xw  eatutic  potaitU  Holutioti 

(1:5).     The  alkaline  solution  ia  phiced  in  an  Krleniticycr  fituih 

upon  a  waler-biitb,  and  little  by  little  4-Q  grn.  of  ainmnnliim 

persulphate  are  added,  whereby  the  potusium  tclluribu  \a  »x\iV\mh\ 

to  potosaum  tellurate  and  the  seLonilo  to  nelenate.     Whrn  all 

tin  pctsulphate  haa  been  introduced,  Mm  wIuticMi  i^  hmilifd  to 

boAing  to  decompose  the  cxt-cm  of  [M^mulj^tiitte,  then  Driilificd 

wHli  solphuric  acid  and  allowed  to  ci^>oL     Xow,  100  c.c.  nf  If^* 

wmter  ue  added,  the  except  of  the  II,S  exjK-IM  by  pawiiiif;  <*'), 

Uiroa^  the  solution,  and   the   precipitated  CuH  (Bt^,  Rb,SJ 

filtrrrd  off,  and  treated  a^  dcacribe<l  on  p.  Z^f^.     The  filtrnt^i  in 

boded  with   hydrochloric   acid    to   reduce   the  telluric  acid  to 

UfBug  Mid,  and  the  solution  U  redoMd  by  meana  of  i^<),  an'JI 

ma^tyvd  »m  deaenbed   abtnre. 

The  fiat  fihimte  from  the  impure  Te  ami  Se  it'iW  eonUin  th'* 
part  o(  tfe  Ca,  Bi,  etc. 


(jb)  From  Antimomy.  Tin  and  Aratnie.. 

ft  c— ■denhir  aaiinwoy  is  prewnt,  tartane  A'rtd  is  a<Med  it$ 
',  iod  the  aeltninai  and  uSkmum  am  th^n  pre<ipit«eed 
iolpikar  ifioaode. 

1ft  Miilhiiiaiiii  tmd  SebxtSdcr*  chi«  method   of 

MtOkvfum  fmm  antimony  is  aot  fftaatJttXht;  mM 

■  aiingi  pfmipi— <i J  wich  Ae  r^IInninn,     A  Cuthier.t 

iBmk  a  pcrbet  «p«nCion  ran  hf  accomplished  by 

of  hyilTJuinp  hytfaiehloride  (not  the  milphace), 

<<)   From  MfTfury. 

aHfniile,  or  t^iiriiU*-  ia  diwnlvM  in  af|Un  reKia,rhI<v 

aiattttatl    :::  '  "■  ■  ♦iliHinn  ia  ililtifrfHl  lantrty  wilh  wnt«r. 

■Eld  i;^   .  .       .  .  lOij  ailMT  twvnry-four  houra  standing, 


ChMB^  IK  dta^  111021. 
ant  irflurniw 


aot  pwelpiUfttH  t>y  phfiapVM*>q*  hM 
boa  an  pra^lHMft  tnn  liot  oob' 
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the  meixniry  ir  precipitalal  completely  as  niereumiifi  chloritic,  and 

is  detorminod  a»  such  accrordiii^  Ui  p.  170. 

The  filtrate  containing  Kelcriium  and  telluriuin  \b  conrentratod^ 
taken  up  in  water,  ainl  t!u!  K(>li>niiim  sepanitctl  from  the  tvilurium 
nccording  to  tlie  metliud  of  Keller  Csee  below.) 

(d)  From  Gold  and  Silver. 

The  separation  of  selenium  and  tellurium  from  silver  offers  no 
difficulty,  inasmucJi  as  the  latter  can  be  precipitated  by  hydro- 
chloric acirl  and  determined  as  the  chloride. 

The  gold  is  precipitated  as  described  on  p.  257  by  oxalie  acid 
and  the  selenium  and  tellurium  in  the  filtrate  hy  meajis  of  sulphur 
dioxide.  Ths  three  metals  may  also  Ix'  precipitated  together  by 
sulphur  dioxide,  weighed,  and  the  selenium  and  tellurium  cfter- 
wafii  volatilizcfl  by  roasting,  leaving  the  gold  behind. 

Tellurium  may  be  separated  from  gokl  by  precipitating  the  lat- 
ter with  ferrous  sulphate.  In  the  case  of  aelenium,  however,  it  is 
ulso  precipitated  (piantitatively  l),v  f(-mni.s  Eulpliate  froai  soIution& 
atrougly  acid  with  hydrocLluri'C  acid. 

Separation  of  Selenium  from  Tellurium. 
A.    ytcUuKioj  E.KeUtr* 

Keller's  method  is  based  upon  the  fact  that  tcllurous  acl<l  is  not 
prccipitatc-l  from  solutiuns  strurigly  acid  with  hydrochloric  acid 
while  seleniuni  is  precipitated  quantitatively. 

Procerlure. — Tlie  tt.ixture  tf  the  two  elements  prccipitatwl 
by  sulphur  dioxide  is  dissolved  in.  nitric  acid  and  carefully 
evaporated  to  dnp-nejw.  The  dry  mass  is  treated  with  200  c.c.  of 
hydnjcliluric  acid  (sp.  gr.  1.175),  boilc*^!  to  remove  the  nitric  acid 
and  BiiturattHJ  with  sulphur  dioxide.  The  jjrecipitated  selenium 
is  filtered  thnuigh  a  (Jooch  crucible,  washed  first  with  a  mixture 
of  90  vol.  HCI  («p.  gr.  1,175)  and  10  v<»I.  water,  then  with  dilute 
hydntchloric  acid,  tlu-n  with  water  until  free  fnim  chloride,  finally 
with  alwolute  ak-ohol.  The  selenium  is  tlieii  ilritol  at  lO.'}"  C.  and 
weighed.    The  filtrate  is  diluted  with  an  etjual  vulume  nf  water, 
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Iieeted  to  boiling,  and  the  t«liurium  pi-ccipiuted  by  milphur  tUux- 
iilc  Lin\  treat«<i  in  exactly  the  sunn-  wiiy  ».s  tli<>  ttflriiiiiin. 

Acccnllng  W  Ktjller.  this  nicthud  given  thomughly  witiKfBrU)ty 
results,  u  loiig  as  tho  amount  of  tellurium  prrtt4>iil  tlmfl  ii<it  r<ir(H<i1 
5  {.TDs.  Kvcn  then  the  gopamtion  can  bu  e'fTuctcil  by  iucruiuuig  Iha 
ftniount  of  arid  to  450  c.c. 

B.    The  J'otaMturn  Cyanide  Mrthod. 

The  precipitate  of  selenium  and  tellurium  producPfl  by  milphnr 
ifioxide  is  fused  with  twelve  limes  U8  nnirh  iif  purp  ((tH  pr>r  rrnt.) 
potaahim  c>'anide,  in  an  atmosphere  of  hydnif^rn,  lu  d(wrih»l  on 
p.  378.  The  tellurium  is  almost  wholly  flhanKcrl  to  potMiliim 
teOttride,  i^Te  (a  small  amount  of  poiaMiurn  trlliirocyanid''  U 
pabahly  formed),  while  the  selenium  is  rhan^f*!  for  the  ni«»it  fitirt 
lata  potMHhna  adeoocyanidc,  and  to  a  slight  extfmt  into  potaaiium 


llBbro«BnidtiBdinolTcdinwat«T,and  a  slow  current  of  air  la 
II— tTtnl  throoi;}!  the  solution  whereby  tl»c  K^Te  is  quantitatively 
accofdific  tn  the  rt|uattrin 

2KaTe+2HiO+Ot  -  4KOH  -f-  2Te; 

twriva  boais  the  teOorimn  is  fiHertti  off  Ihwmich  a 
vnth  water.  Chen  with  absolute  aln^iol 

i  fihxxte  m  heatcfl  tn  hnilinK  *  in  order  to  ehan^p  any 

inno  ihfl  double  cyanide ;  it  m  thtn  aeidift'^d 

mder  a  good  hood  (hyilnofanu;  aridf). 

iSm  apimmaa  datermined  acmrdiii^  b>  p.  777. 

L— TUb  Dutiiocl  girai  aHghtiy  low  naulta  for  taOtirhifn 

■aiaea  (or  wfrn'^i*"     That  ia  due  to  the  fael.  that  a  litU^ 

Brifagiiayimle  Ea  funned  by  the  fueinn  and  thw  eom* 

;  dMonpoeed  by  the  enmit  of  air,  but  is  subsequently 

wxtii  ffee  aebminm  on  jaiUS^ing  the  solution. 
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Detennination  of  Selenium  and  Telltirium  in  Crude  Copper. 

Many  Roppier  orfs  oontain  s  Joiiium  ami  t*'Uuriimi,  so  tJiat  the 
crude  copper  obtained  from  such  ores  always  contains  these  ele- 
ments. The  amount  present  may  be  determined,  according  to 
Keller,*  as  follows:  According  to  the  amounts  of  seleniimi  and 
tellurium  present,  from  o  to  100  gm.  of  the  copper  arc  taken  for 
the  aiitUysis  The  sample  is  dissolved  in  nitric  acid  and  an  excess 
ot  atmiionia  is  adtled  whereby  the  phosphorus,  arsenic,  antimony, 
tiu,  I'isiimtli,  selenium,  and  tellurium  are  precipitated  together  with 
the  ferric  hydroxide,  while  the  copper  is  held  in  solution  by  the 
excess  of  amiiujiiia.  The  precipitate  is  filtered  ofl  and  washed  with 
dilute  ammonia-water  until  the  ouijper  is  conipleUiIy  removed.  The 
precipitate  is  dissolved  In  hydrochloric  acid  and  tliJs  solution  satu- 
rated with  hydrogen  siilpliide  in  the  ot)]d,  whereby  selenium  and 
t^'Uurium  together  with  ar>!euic:,  antimony,  tin,  and  bismuth  are 
thrown  down  as  sulphides  anti  are  separated  by  filtration  from  the 
iron  aud  phosphorus.  Thf  precipitate  thus  obtained  is  treated 
with  sodium  sulphide  and  filtered.  The  filtrate  containing  all  the 
selenium  and  tellurium  in  the  presence  of  arsenic,  antimony,  and 
tin  as  sulpho  salts  is  acidified  with  nitric  acid  and  carefully  evapo- 
rated to  dr>'ne8s.  The  reBidue  is  dissolved  in  200  e.c.  of  hydro- 
chloric acid  (sp.  gr.  1.175)  and  treated  as  described  on  p.  2S2,  A. 

HOLYBDEIiaH,  Mo.     At.  Wt.  90.0. 
Form:  Molybdenum  Trioxide,  MoOj. 

Tf  the  molyhdeniim  is  present  a.?  ammonium  molybclate,  a 
weighed  portion  is  halted  in  a  spacious  porcelain  or  platinum 
crucible,  at  fir.it  carefiilly  and  later  to  a  dull  red  heat;  this  leaves 
the  molyhdentim  trioxitle  l>ehind  in  the  form  of  a  dense  powder, 
appearing  yellow  whr>n  hot  and  almn.st  whit*'  when  cold. 

There  in  no  danirer  of  losing  any  of  the  molybdenum  by  volatili- 
tation,  provided  the  dull  red  lieat  ia  not  exceeded. 

If  the  molyb  lenum  is  present  as  alkali  molybdate,  it  is  changed 
to  mercnrmis  molybdate  or  to  it«  sulphide,  and  then  analyzed  aa 
described  below. 
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PrKipitation  of  MolyMenuin  as  Hercurous  Holybdate. 

In  the  course  i>f  analynis  it  \&  fre<iu*'iilly  nrc-iwiary  u»  (lelerniine 
molybdenum  iii  alkuJi  molybiiaUia  obtained  by  fusion  with  on  alkali 
earbaaate. 

The  greater  part  of  the  alkali  is  nrutntlixcd  with  nitric  add, 
and  to  the  slightly  alkaline  solutioa  a  barely  acid  solution  of  mer- 
curcQS  nitrate  is  added  until  no  further  precipitation  is  effected. 
The  liquid  is  then  heated  to  boiling,  the  blank  precipitate,  cooRisling 
of  raerenrous  cartwnate  and  mercurous  molybdate,  is  allowed  to  set- 
tle, is  filtered  and  washed  with  a  dilute  solution  of  nirrcuroiiB 
oitrmke.  like  precipitate  is  dried,  transferred  ae  completely  aa  i>n«- 
wUh  to  a  watcb-^ass,  and  the  precipitate  remaining  on  the  filLer  is 
dinolved  in  hot  dihite  nitric  acid  into  a  lar^  porcelain  crucible, 
Thb  aolation  is  thm  evaporated  to  dryness,  the  main  portion  of  the 
ptM^ihate  added  to  the  residue,  and  the  whole  b  heated  ver>'  eaw 
ftdljr  over  a  knr  Bame  until  the  mercury  ta  oompletrly  volatilized, 
lAir  vtneli  tlie  rendoal  molybdoiam  trioxide  is  weired. 

Bimark. — It  ma  fonnerly  cuxtocnAry  to  add  a  sliebt  exeeas  of 
nitrate  solution  and  then  to  add  mercuric  oxide  to  neo- 
Ihe  exeeos  tit  nitric  acid  (the  solution  of  mereoroiM  nitrate 
bee-nhrie  acid).    Aeeordine  to  the  above  procedure  at 
the  addhiwi  of  mereurie  oxide  is  wfaaOy  BuperfluoM, 
the  fasM  mereonms  earbaaate  su&esa  to  remove  the  Ja^tL 
.  of  free  nitric  acid. 


Prvcipitatioa  ol  Molybdenum  as  Molybdeoom  Sul^iide. 

Tbe  ^aiaipitation  of  molybdaugn  as  the  sulphide  can  take  plaee 
k«D  dMvsat  wsyi:  cxtber  the  acid  aolutioa  may  be  prwyitaled 
tjniffM  mifiiUk  ^a,  or  the  •ntuljoo  of  amfnoMium  sd^ili»> 
laulybdatemay  be  acidified  with  dilute  acid. 


(a)  g^ru-ipiMim  sf  if  IjH  S^fUdt  fnm  Add , 

TW  wiiljrtiJi—m  solutioa.  sUgbtly  acid  with  adipbaiie  acsd.*  is 
•  sbhI  111— II  iiJr  aad  mtmmkei  m  Ibe  ooU  vitli 
IW  ftufcis  aQ«d.bcM«l  ca  A*  wum- 
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bath  until  the  precipitate  has  completely  sl-uKk!,  and  Ettored 
after  it  has  become  cold.  The  precipitate  is  wasliwl  with  very 
dilute  sulphuric  acid  and  finally  wth  alcohol  until  the  acid  has 
been  completely  removed.  The  mnist  filter  is  placed  in  a  large 
porcelain  crucible  and  dried  upon  the  water-bath,  The  crucible 
is  then  covered  and  very  carefully  heated  over  a  small  flame  until 
no  more  hydrocarbons  are  cx{>cHwl.  The  cover  is  then  removed, 
the  carbon  burned  froni  the  sides  of  the  crucible  at  as  low  a  tem- 
perature as  possible,  and,  by  raisinf!  the  temperature  gradually, 
the  sulphide  is  chansed  to  oxide.  The  operation  is  finished  when 
no  more  sulphur  dioxide  is  formed.  After  cooling,  a  little  mercuric 
o.xide  su»[»ended  in  water  is  added  to  the  contents  of  the  CP'cible, 
tlio  inlxturo  is  well  stirred,  evaporated  to  dryness  on  tht  water- 
bath,  tlie  mercuric  oxide  is  removed  by  gentle  ignition,  and  the  resi- 
due of  molybdenum  trioxide  is  weighed.  The  mercuric  oxide  is 
idded  in  order  to  remove  particles  of  unburned  carbon. 

It  is  much  L'asicr  to  transform  the  molylxlenum  trisulphide  intc 
the  oxido  as  follows:  The  sulphide  is  filtered  through  a  Gooch  cru- 
cible, washwl  with  water  containing  sulphuric  acid,  and  then  with 
alcohol,  ami  dried  at  100'^  C.  The  crucible  is  placed  within  a  larger 
nickel  one,  covered  with  a  watch-glass,  ■*  and  carefully  heated  over 
a  smnll  flame  whereby  the  .sulphide  w  for  the  most  part  changed 
to  the  oxide.  As.  soon  aa  the  odor  of  sulphur  dioxide  can  no  longer 
be  detecleti,  the  watch-glaiw  is  removed  and  the  open  crucible 
heated  until  it  is  brmipht  to  a  cnn,itant  weight.  The  molybdenum 
oxide  thus  obtained  alwav-s  nontains  traces  of  SO,,  and  consequejitly 
has  a  bluish  appearance.    Tlic  results,  nevertheless,  are  excellent. 

(b)  Hydrogen  Sulphide  <3    passed    into    the  Amynoniaeal  Molyb' 

denum  Solution 

iint.iI  it  rwsumps  a  bright-red  color,  when  it  is  nciHificd  with  sul- 
phuric acid  and  tlie  preL'ii>itate  trcatcil  as  descrilMid  under  (a). 

The  Separation  of  Uolybdenum  from  the  Alkalies 

can  take  place  by  precipitation  us  uiercuruus  molybdate  or  as  sul- 
phide, as  described  above.    

*  Xo  ftvui-J  \-ji66  liy  decrepitation. 
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Separation  of  Uolybdenum  from  the  Alkaline  Earths. 

The  substance  ih  fused  with  whUuiii  cai-lnmfiti\  the  melt  ex- 
tracted with  water  and  filtt-reil.  The  wjJutimi  cmitainB  all  the 
molybdenum  as  alkali  nuilylnlate,  while  the  alkaline  earths  remain 

pvndiMolved  as  carbonates.     Kroiii  the  aqueous  solution  the  molyb* 

Ldenum  is  detemiineii  a£  previously  described. 

Separation  of  Holybdeoum  from  the  Hetals  of  the  Ammonium 

Sulphide  Group. 

The  molyhilcnum  is  prct'i[iitateil  a.**  sul|ihide  (prpfeniWy  from  a 
sulphuric  acid  solution)  by  tn<nttnr>iit  with  hydnigm  sulphide  under 
prasture  (seep. 2S6).  If  tlieHohittim  c<intains  titaiiiunij  it  in  better 
lo  fiist  add  ammonia  and  ammonium  sulphide,  whereby  the  metals 
of  GrcHip  III  ft-ill  1)6  i)reeipitBted  anil  the  nmlybdommi  will  reirmin 
In  solution  in  tlie  fomi  of  iU  sulphn  salt,  After  fill.ration,  the 
moIylKlfoum  is  precipitated  oa  sulphide  by  the  addition  of  acid 
^ee  p.  28G,  b). 


Separation  of  Uolybdeaum  from  the  Metals  of  Group  IT. 

(a)  From  Lmd,  Copper,  Ctidmium,  awl  Bismuth. 

T!ie  solution  t»  treated  with  causti-i  soda  and  then  with  sodium 
sulphide,  digested  some  time  in  a  closed  flask,  and  filtewsl.  Tlie 
ninlylxlenuiii  remains  in  solution  as  its  sulphc  salt,  while  the  other 
metals  arc  precipitated  as  sulphides.  After  filtering,  the  solution 
b  acidified  with  sulphuric  acid  and  heated  in  a  prcssure-ilask  until 
the  pncipitatc  has  settled  and  the  supernatant  liquid  appears  col- 
orlcBB.  After  allowing  to  cool,  the  niolybdeimm  sulphide  is  fil- 
tered off  and  converted  to  oxide,  as  described  on  p.  286. 

(fc)  From  Amrnic. 

The  solution,  which  must  coiituiii  the  arsenic  as  anenic  avid,  is 
treated  with  ammonia,  tite  arsenic  proi^ipitaled  by  maRm^ia  mix- 
ture (see  p.  200)  and  filtered  off.  The  filtrate  is  atridiliud  with  sul- 
phuric acid  and  the  molybdenum  precipitated  ae  sulpliide  by  meaiu 
of  hvdruicen  sulpliidc. 
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Separation  of  Holybdenum  from  Phosphoric  Acid. 

Tht!  ijhiwplKiric  arid  is  pryeipitated  from  the  aramoniacal  solu* 
tiuti  iui  MVA^uvsxmw  ikiimiiinium  phosphate  (sec  phosphoric  acid] 
and  tho  molybik-uutn  iij  prcTipitatcd  as  eulphidc  from  the  filtrate 
(cf.  p.  2S5,  a).  Anothpr  way  is  to  saturate  the  ammoniacal 
solutinrii  with  Jiydrogi-ii  sulphide,  acidify  with  hydrochloric  acid, 
and  Lhnn  precipitate  the  molybdenum  as  sulphide.  In  the  filtrate 
the  phoHphone  aoid  is  precipitated  as  magnesium  ammouium 
phosphate  under  the  customarj'  conditions. 


TUMGSTEIT,  W.     At.  Wt,  184.0. 

Tungsten  is  determined  as  its  trioxidc,  WO3. 

If  the  tungsten  In  present  as  ammonium  tungstate,  as  mercu- 
rous  tungstate,  or  as  tungstic  acid,  it  is  readily  changed  by  ign'tion 
in  the  air  to  yellow  tungsten  trioxide.  Care  uhould  be  taken  not 
to  lit'iit  fil.ro[igty  OT  some  of  the  tung«tic  ucld  will  be  lost  by 
volaliliziitirm.  The  crucible  shnulii  l»e  uncovered  and  the  full  heat 
of  the  burner  should  nut  be  used.  When  ignited  over  a  M.ker 
burner  in  a  fovered  platinum  cruetble,  a  slow  volatilization  of 
tungHtic  acid  takes  place,' 

If  the  tungsten  is  present  as  alkali  tung-state,  the  tungstic 
acid  may  be  precipitated  as  such,  or  by  means  of  mercurous 
nitrate  as  merciirous  tungstate;  by  ignition  the  yellow  trioxide 
is  obtained  and  weighed. 

Precipitation  of  Tungstic  Acid. 

The  aqueous  solution  of  the  alkali  tungstate  is  treated  with  an 
equal  volume  of  concentrate<l  hydrochloric  acid,  evaporated  to 
dr>Tess  on  the  wate>balh  and  heated  for  an  hour  iii  the  hot  closet 
at  120^.  The  re«sidue  \i  moistened  with  a  little  hydrochiorie  acid, 
diluted,  boilwl,  filtered  and  washed  with  6  per  cent,  hydrochloric 
acid,  or  with  10  per  cent,  ammonium  nitrate  solution.  The  yellow 
tungatie  acid  is  ignited  and  weighed.  In  this  way  the  greater 
part  of  the  tungstic  ucid  is  precipitated,  but  there  remains  iu 
the  filtrate  a  weiglmblc  amount  which  can  be  recovered  by  re 
peatod  ovaporationa  with  hydrochloric  or  nitric  acid. 
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Remark. — The  reason  why  the  tungstic  acid  is  not  removed 
completely  by  the  first  treatment  with  nitric  or  hydrochloric  acid 
is  that  there  is  always  a  small  amount  of  an  acid  tungstate  formed : 

Na2W04+3W03  =  NazWiOia, 
which  it  is  hard  to  decompose  by  acids.    If,  however,  the  filtrate 
is  evaporated  to    dr}rnes8    with    ammonia,  then,  according   to 
Philipp,*  the  acid  tungstate  is  converted  into  ordinary  tungstate, 

Na2W40i3+6NH40H  =  Na2W04+3(NH4)2W04+3H20, 
and  the  latter  is  decomposed  by  the  nitric  acid  treatment. 

This  is  true,  but  acid  tungstate  is  formed  again  on  evaporatic^. 
When  alkali  or  atmnonium  salts  are  present  it  is  advisable  to 
add  a  solution  of  cinchonine  hydrochloride  which  will  cause 
complete  precipitation  of  timgstic  acid  (see  Appendix  I). 

The  washing  of  a  precipitate  with  acid,  or  with  ammonium 
nitrate  solution,  is  necessary  in  order  to  prevent  the  formation 
of  hydrosol,  which  would  result  if  pure  water  were  used. 

Prec^itttion  of  Tungsten  as  Mercurous  Tungstate,  according  to 

Berzeliu8.t 

In  the  majority  of  cases  it  is  a  question  of  separating  tungstic 
acid  from  a  solution  obtained  after  fusing  with  sodium  carbonate.  { 
The  concentrated  solution  is  treated  with  a  few  drops  of  methyl 
orange,  nitric  acid  is  added  until  the  indicator  turns  pink,  the 
solution  is  boiled  to  expel  all  the  carbonic  acid,  allowed  to  cool 
and  then  an  excess  of  mercurous  nitrate  solution  is  added.  The 
ydlow  precipitate  settles  quickly  and  the  supernatant  liquid  should 
a[^ar  clear  as  water.  After  standing  three  or  four  hours,  the  pre- 
cipitate is  filtered  off,  washed  with  water  containing  mercurous 
nitrate  (5  c.c.  saturated  mercurous  nitrate  solution  diluted  with 
water  to  100  c.c.)  dried,  ignited  in  a  porcelain  crucible  under  a 

good  hood,  using  the  flame  of  a  Bunsen  burner,  ami  wci":hcd  as  WO3. 
——————— 

t  Jahresber.,  21,  II,  143.    Cf.  O.  v.  der  Pfordtcn.  Ann.  £S2.  152  (1883). 

jCaldum  tuD^tate  is  not  decomposed  compk'toly  by  a  ningle  fusion  with 
■odium  carbonate.  It  is  best  to  decompose  it  by  repeated  treatment  and 
eruontion  with  hot  six-nomial  hydrochloric  acid, 

FenvuB  tungstate  can  be  decomposed  satisfactorily  in  the  same  manner,  but 
it  is  veil  to  ignite  gently  the  residue  obtained  by  eviipomtion  letwecn  successive 
treatmenta.  Bxperimen'a  of  W.  T.  Hall  and  D.  Belcher. 
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Remark. — Tho  tungstio  acid  is  quaatitatively  precipitated  by 
a  single  treatment  with  mcrcurou»  nitrate.  The  process  is  pref- 
erable to  the  above,  therefore,  when  nothing  eltic  is  preseat  which 
pret'ipitatw  under  the  aame  conditions. 

Precipitation  of  Tungsten  as  Benzidine  Timgstate,  according  to 

G.  V.  Knorre.* 

If  a  neutral  wlution  of  sodium  tungstatc  m  traatcd  with 
benzidine  hydrochloride,  a  white  flocculcnt  precipitate  of  ben- 
zidine tiingstate  Ja  formed  and  the  precipitate  ia  insoluble  in  water 
containing  benzidine  hydrochloride;  when  formed  in  the  cold 
it  ia  bard  to  filter  and,  on  being  wasiied  with  pure  water,  tends 
to  run  through  the  filter,  If  the  precipitate  is  formed  from  a 
hot  solution,  however,  it  comes  down  in  a  Juore  compact  condi- 
tion and  after  cooling  f  can  be  easily  filtered  and  washed  without 
I0B8  with  water  containing  benzidine  hydrochloride. 

The  moist  precipitate}  is  ignited  in  a  platinum  crucible,  heated 
to  SOD"  in  an  electric  oven,  and  the  residue  of  WOj  is  weiglicd. 

The  precipitation  can  also  take  place  satisfactorily  from  a 
cold  solution  if,  before  adding  the  precipitant,  a  little  dilute 
sulphuric  acid  or  alkali  aulphnte  is  added  to  the  solution.  In  thia 
ciinc  h  mixture  of  crvBtalline  benzidine  sulphate  and  amorphous 
benzidine  tungstatc  is  formed  which  can  be  filtered  after  stand- 
ing five  minutes.  The  benzidine  sulphate  is  entirely  volatile, 
so  that  equally  good  results  are  obtained  by  either  of  the  above 
two  procedures. 

If  the  tungsten  ja  present  as  tungstatfl  after  fusing  with 
sodium  carbonate,  the  melt  is  dissolved  In  water,  a  little  iiiottiyl 
orange  is  added  to  the  clear  solution,  then  hydrochloric  scid 
until  the  pink  color  is  obtained,  and  finally  10  c.c.  of  0.1  N, 
sulphuric  acid.  Benzidine  hydrochloride  gives  a  precipitate 
which  can  be  filtered  in  Bvu  minutes.  The  washing  with  dilute 
lienzidine  hydrochloride  is  continued  until  the  evaporation 
of  a  few  drops  of  the  filtrate  on  platinum  foil  leaves  no  welghable 
residue.    The  precipitate  is  ignited  wet  as  described  above. 

•  Bcr.,  38,  783  i;i»05). 

f  Since  iKinsidine  tiitifOfUkte  iit  iippfecinbly  noluble  in  liot  wnUtr  contjun- 
ing  beiuidinc  h)rilrocbli>ridv.  It  is  ooccaiKiry  is  »U  caow  to  poatpinw  tbr 
Qllration  until  the  aoluiioo  is  oold. 
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Prtparaiion  of  ike  Bamdine  Solution, 

Twenty  grama  of  coramcrcml  benzidine  aro  triUimtcd  in  a 
mortar  wHth  wat-er,  woahcd  with  about  400  e.c.  of  water  into  ft 
beaVer,  treated  with  25  c.c.  hydrochloric  acid  (sp.  pr.  1.2).  h(.'«tpd 
until  sohition  w  complotcd  and  a  brown  liqiiiil  is  forriu'd,  which 
u  filtered  and  diluted  to  a  volume  of  one  h'tcr.  *  Of  this  sulu- 
tion.  5,6  c.c.  are  sufficient  to  precipitato  0.1  gm.  of  WOa- 

[f  the  analysis  is  carried  out  with  the  aid  of  8ul]ihi]rir  ncid, 
it  is  DeccAMry  to  add  at  least  one  cubic  centimeter  of  tlio  U>nxi- 
dlne  solution  for  10  e.c.  of  0.1  N  sulphuric  acid  added. 

preparation  vf  Ihe  Wash  Liquid. 

Ten  c-c.  of  the  above  solution  arc  diluted  with  dimtillod  water 
to  a  volume  of  300  e.c. 

AetnariE:. — The  method  is  excellent.  W.  ICunz  found  0.I02S 
,pn.,  0.1029  gm.,  0.1026  %m.  and  0.1033  gm,  in  aliquot  part*  of 
wlutkm  supposed  to  contain  0. 1020  jrm.  of  WO,. 

Detennioation  of  Tungsten  in  Tungsten  Steel. 
{a)  Method  of  G.  v.  Knorre.f 

Von  Knorre  observed  that  on  dissolving  tuM^Kti^n  steel  in 
hydrochloric  or  dilute  sulphuric  acid,  out  of  contact  with  tlic  air, 
afl  the  tunfistea  remains  behind  aa  metal,  contaminat^-fl  with 
mote  or  k«  iron.  If  the  finely  divided  tungsten  is  filtered  off, 
il  oddues  quickly  In  the  air,  formiog  graytsh-ydlow  tunjeistie 
acid,  which  oa  further  waahtDg  with  water  given  a  turbid  filtrate; 
the  tiatf^'"  acid  does  not  poee  througli  tlie  filter  if,  instead  of 
MBf  wmier,  the  washing  'm  accomplished  with  a  dilute  nrtlutJon 
of  *—■«■<«'*»  hydrochloride.  By  the  treatment  <A  the  tunjpiten 
■ted  with  adds,  therefore,  the  greater  part  of  the  iron  ie  separated 
from  tlw  tonpitcg.  To  complete  the  sepamtinn,  the  waahed 
ia  igiuted  wet  in  a  platinum  cmeible,  the  renidne  m 
with   Una  times  as  much   itodium   rart>nnate,   the   melt 

of  dlwdvinc  clw  heasulina  in  hjrdroehlnrie  aeid,  3H  gpam.  M 
lydkoddarids  swy  Iw  JSmaiwA  ia  I  liter  of  w»l«r  to  iriifeb  B  «a 
wfal  hm  bwB  kUmI. 
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extracted  with  a  water,  the  ferric  oxide  filtered  off,  and  the  tung- 
sten  determined  as  described  on  p.  289.  It  is  probable  that 
aluminium-tungsten  alloys  can  be  analyzed  in  a  similar  manner. 

(b)  L.  Wolter's  Method.* 

L.  Woltcr,  who  haa  carefully  atudieil  the  determination  of 
tungsten  in  tungsten  steel,  found  that  most  of  the  methods 
arc  unpractit'al  because  Llioy  roquiixi  the  metal  in  a  very  fine 
con<lition.  Now  a  stecrl  n'ith  a  higli  percentage  of  tungsten 
is  so  hard  that  it  is  practically  impossible  to  get  borings  or  lilinga 
without  llic  steel  tocils  lici-oming  bailly  woni;  in  such  caaea 
the  sample  to  be  analyzed  becomes  contaminated  with  foreign 
materia]  and  the  ai;ruracy  of  the  analysis  is  affected.  For  this 
reason  if  it  is  rvqnireil  to  analyze  a  steel  with  a  high  percentage 
of  tungsten,  it  should  suffice  to  hammer  the  sample  in  a  steel 
mortar  until  a  coarse  powder  is  obtained.  Unfortunately  a 
coarse  powiler  iljssolvea  extremely  slowly  in  dilute  or  concen- 
trated acids  and  fuaon  with  sodium  eai-bonato  and  potassium 
nitrate,  or  with  sodium  peroxide,  has  little  effect  upon  large 
particles;  it  is  otherwise  with  a  potassium  bisulphatc  fusion, 
whereby  even  large  particles  of  tungsten  steel  arc  readily  attacked. 

Procedure. — From  0-2-0.5  gm.  of  the  coarse  material,  which 
may  be  in  the  form  of  coarse  pieces,  is  fused  in  a  40-45  c.c. 
platinum  crucible  with  tWrty  times  as  much  potassium  bisul- 
phate.  To  prevent  too  violent  effervescence,  at  first  only 
one-third  of  the  bisulphate  is  added  and  the  well-covered,  inclined 
crucible  is  heated  over  a  small  flame  until  white  vapors  are  evolved. 
The  flame  is  then  removed  for  half  a  minute  because  a  fairly 
violent  reaction  is  now  taking  place  within  the  crucible.  In 
fact  when  this  point  is  reached,  a  strong  effervescence  can  bo 
heard.  After  cooling  somewhat,  the  remainder  oJ  the  bisulphatc 
is  added  in  two  separate  portions.  The  reaction  now  takes 
place  more  slowly  and  the  temperature  is  raised  until  the  bottom 
of  the  crucible  Iwgins  to  redden  and  dense  white  vapors  are 
evolved.    The  heating  ia  now  carefully  continued  until  finally 
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the  whole  crucible  is  heated  to  redness.  After  about  fifteen 
nunutes  the  reaction  will  be  finished.  The  molten  mass  in  the 
crucible  should  show  merely  a  gentle  evolution  of  gas  and  there 
ehould  be  no  black  particles  of  unattacked  steel  visible.  When 
this  point  is  reached,  the  mass  is  allowed  to  cool,  the  crucible 
uid  cover  boiled  with  water,  carefully  washed,  and  the  water 
added  is  measured  so  that  the  volume  of  the  solution  will  amount 
to  about  60  or  75  c.c.  The  liquid,  which  is  somewhat  turbid  with 
timgstic  acid,  is  treated  with  20  c.c.  of  concentrated  hydro- 
chloric acid  and  boiled  imtil  the  precipitated  tungstic  acid  has 
become  a  pxire  yellow.  After  standing  half  an  hour  on  the  water- 
bath,  the  solution  is  filtered  through  a  small  filter  and  the  pre- 
cipitate washed  with  10  per  cent,  ammonium  nitrate  solution. 
The  lemon-yellow  precipitate  is  dissolved  on  the  filter  in  hot, 
dilute  ammonia,  the  solution  caught  in  a  weighed  platinum 
crucible,  and  the  filter  washed  with  ammonium  nitrate.  The 
solution  of  ammonium  tungstate  in  the  crucible  is  evaporated 
to  dryness  on  the  water-bath,  then  covered  with  a  watch-glass, 
and  very  cautiously  heated  over  a  free  flame  until  no  more 
ammonium  salts  are  evolved.  After  igniting  the  residue  over 
the  full  flame  of  a  Bunsen  burner,  it  is  weighed  as  WOj.  In 
this  way  the  greater  part  of  the  tungsten  is  obtained.  The 
filtrate  from  the  tungstic  acid  precipitate  still  contains  tungsten. 
In  order  to  recover  the  later,  it  is  treated  aa  described  on  page  288. 
If  the  steel  contained  silicon,  the  weighed  tungstic  acid  will  always 
contain  silica;  it  is  covered  with  a  few  drops  of  hydrofluoric 
acid,  evaporated  to  dryness,  again  treated  with  hydrofluoric 
acid,  evaporated  once  more  and  finally  ignited  over  the  flame 
of  a  Bunsen  burner.  The  crucible  will  now  contain  no  silica, 
but  only  tungstic  acid. 

Separation  of  Molybdenum  from  Tungsten. 

(a)   The  Sulphuric  Acid  MeUiod. 

This  method,  proposed  by  M.  Ruegenberg  and  E.  F.  Smith,* 
depends  upon  the  fact  that  unignited  molybdic  acid  is  readily  dis- 

•  J.  Am.  Chem.  Soc.,  22,  772. 
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Bolved  by  warming  with  sulpliuric  acid  (sp.  gr.  1.378),  wlille  tung- 
Btic  acid  is  nut 

W.  HoQiniel*  (vat-cnl  lliis  method  in  the  author's  laboratory,  and 
oould  not  obtain  good  results  except  by  digesting  the  moist  oxidei 
with  concentrated  sulphuric  acid,  mid  afterward  diluting  with  three 
times  as  much  water. 

Procaiuw. — (a)  Both  acids  arc  present  in  a  nuust,  freshly 
precipitflte.1  slat«. 

The  mixture  U  covered  with  concentrated  sulphuric  acid  in.  a 
porcelain  dish  and  hc.ile<l  over  a  free  flame.  By  this  means,  usu- 
ally a  small  amount  of  the  tungstic  acid  is  oxidized  to  the  blue 
oxide,  so  that  the  yellow  precipitate  of  tungstic  acid  is  tinted  with 
green.  On  abiding  one  or  two  dfops  of  dilute  nitric  acid,  the  green 
color  disappears  and  the  tungstic  acid  is  of  a  pure  yellow  color. 
After  digesting  for  half  an  hour,  the  separation  is  complete. 
After  cooling,  the  liquid  is  dilutcil  with  three  times  its  volume  of 
water,  filtered,  washed  with  water  containing  sulphuric  acid,  then 
two  or  three  times  with  alcohol,  ignited  (after  burning  the  filter  by 
itself)  in  a  porcelain  crucible,  an<l  weighed  as  WO,. 

The  molybdenum  is  precipitated  from  the  filtrate  by  passing 
hydrogen  sulphide  into  the  sulphuric  add  solution  in  a  presaure- 
flask.  and  the  precipitate  is  treated  as  described  on  p.  280. 

If  only  a  little  sulphuric  acid  is  used  for  the  separation,  the 
filtrate  from  the  tungstic  acid  can  be  evaporat<;d  in  a  platiniim 
dbh.  the  nulphuric  acid  driven  off  for  the  most  part,  and  the  residue 
washetl  into  a  weighed  platinum  crucible  with  ammonia,  and  then 
evaporated,  igniu^d,  and  weighed.  In  case  large  amounts  of  molyb- 
denum are  present,  however,  it  is  always  safer  to  precipitate  the 
molybdenum  as  sulpludc. 


(^  Tuntjsten  arul  Molrjbdenum    are  Preienl  in  the  Form  of  their 

hjnittd  Oxides. 

These  ignited  oxides  cannot  be  separated  by  treatm-nt  with 
sulphuric  acid,  According  to  W.  Hommel,  Ihey  can  readily  bo 
brought  into  solution  by  heating  for  half  an  hour  on  the  wat^r-bath 
with  concentrated  ammonia  in  a  pressure-fliifik,  shaking  frequently. 

After  cooling,  the  contents  of  the  Basic,  whether  dissolved  or 

*  •  Imug.  Diawrl..  Giwwu.  1902. 
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not,  are  washed  into  a  porcelain  dish,  evaporated  to  dryness,  and 
treated  as  described  under  (a); 

It  is  still  better  to  fuse  the  ignited  oxides  with  four  times  as 
muchsodium  carbonate,  and  treat  the  melt  as  described  under  (a). 

(6)  Svblimation  Method* 

U  a  mixture  of  the  trioxides  of  tungsten  and  molybdenum, 
or  of  their  alkali  salts,  is  heated  at  250-270*'  C.  in  a  current  of 
dry  hydrochloric  acid,  the  molybdenum  ia  volatilized  completely 
as  MoO,.2HC3,  which  collects  on  the  cooler  parts  of  the  tube  as  a 
beautiful,  white,  woolly  sublimate,  while  the  tungsten  trioxide  re- 
mans behind  in  the  boat. 

Procedure. — ^The  oxides  of  the  two  elements,  or  their  sodium 
saltB,  are  weighed  into  a  porcelain  boat,  and  the  latter  is  placed  in  a 
tube  made  of  difficultly  fusible  glass,  of  which  one  end  is  bent  verti- 
cally downward  and  is  connected  mth  a  P^ligot  tube  containing  a 
little  water.  The  horizontal  arm  of  the  tube  is  passed  throtigh  a 
diying-oven  (to  serve  as  an  air-bath)  (see  Fig.  19,  p.  33),  and  is 
connected  with  apparatus  for  generating  hydrochloric  acid  gas. 
The  hydrochloric  acid  before  reaching  the  tube  is  slowly  passed 
through  a  flask  containing  concentrated  hydrochloric  acid,  and 
then  through  sulphuric  acid.  As  soon  as  the  temperature  has 
reached  about  200"  C.  the  sublimation  of  the  molybdenum  begins. 
From  time  to  time  the  sublimate  collecting  in  the  tube  is  driven 
toward  the  Pfligot  tube  f  by  carefully  heating  with  a  free  flame,  so 
that  it  will  be  possible  to  see  whether  any  more  molybdenum  is  being 
volatilized.  After  heating  for  an  hour  and  one-half  or  two  hours, 
the  operation  is  usually  complete.  The  boat,  now  containing  timg- 
sten  trioxide,  or  the  latter  with  sodium  chloride,  is  removed,  and  in 
cass  only  the  former  is  present,  it  is  weighed  after  drying  in  a  desic- 
cator over  caustic  potash.  In  case,  however,  sodium  chloride  is 
present  (when  the  tungsten  was  originally  present  as  sodium  tung- 
Btate)  this  is  removed  by  treatment  with  water,  and  the  filtered 
WO,  is  weighed. 

«  Pfchard,  Comptes  rendus,  114,  p.  173,  aod  46,  p.  IIUI. 

t  By  the  absorptioa  of  the  Mo0^2HGl  in  the  vater  of  the  Pdligot  tube, 
the  brick-red  add  chloride,  Mo,0,CI„  is  often  formed: 

3[MoO,.2HCl]+ 2HCI  =  4H,0  +  Mo,0»Cl,. 
Thia  mbstanoe  U  insoluble  in  hydrochloric  acid,  but  readily  soluble  in  nitrie  aoid 
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For  the  determination  of  the  molyMenum,  the  s-ublimatc  in  the 
lube  is  waahett  out  by  means  of  wafpr  rtmtaining  a  little  nitric  acid, 
and  finally  the  nitric  acid  sohitioii  of  thr  entire  siibliniatp  is  car»* 
fully  evaporated  to  dryness  in  a  porcelain  dish.  The  residue  is 
dissolved  in  ammonia,  washed  into  a  porcelain  crueible,  evaporated 
to  dryness,  and  change<l  to  the  oxide  by  gentle  ignition. 

(c)    The  Tartaric  Add  Method  o}  If.  Rose. 

The  alkali  salts  of  the  two  metals  are  dwwilved  in  considerable 
tartaric  acid,  an  excuss  of  sulphuric  acid  is  added,  and  the  molyb- 
denum precipitated  according  to  p.  2S5,  by  hydrogen  sulphide  in 
a  pressure-flask.  The  molybdenum  sulphide  iu  filtered  off  and 
changed  by  roasting  in  tlie  air  to  tlie  trioxido.  For  the  determi- 
nation of  the  tungsten,  the  tartaric  M'id  is  finst  destroyed  by  re- 
peater! evaporation  with  nitric  arid,  and  the  precipitated  tungstic 
acid  is  finally  tillered  off  and  changed  by  ignition  to  the  trioxidc. 

Hcniark. — This  metliod  gives  correct  resuUs,  hut  is  not  so  satis- 
factory as  the  preceding  one  on  account  of  the  time  consumed  in 
removing  the  tartaric  acid. 

Analysis  of  Wolframite  (Wolfram). 

The  monoclinic  Wolframite  is  an  isomorphous  mixture  of 
Ferlx'rite,  FeWUi,  and  Ilubneritc,  MnWOi,  but  often  contains 
email  amounts  of  t^ilicic,  niobic,  tantulic,  and  stacnic  acids, 
besides  calcium  and  magnesium. 

About  1  gm.  of  the  extremely  finely-powdoret!  mineral  is  fused 
with  4  gms.  sodium  carbonate  in  a  platinum  crucible  over  a  good 
burner  for  from  one-half  to  three-quarters  of  an  hour.*  After  cool- 
ing, the  melt  is  boiled  with  water  and  filtered.  The  residue  con- 
tains iron,  mauga.nese,  calcium,  and  magnesium,  and  somftimos 
small  amounts  uf  oiobic  and  tantuiic  acids.  The  solution  contains 
all  the  tungstic  acid,  and  silicic  acid  (stannic  acid). 

The  tungstic  acid  is  separated,  as  above  described,  cither  by 
evaporating  with  nitric  acid  or  by  precipitating  nith  mcrciirous 
nitrate. The  prt-cipitatc  is  ignited,  and  weighed  as  impure  W<>i. 

•  It  U  imtxusaible  to  di-cotnposC'  alkaline  earth  tungstatca  (romplrtcly  by 
one  fusion  with  sodium  cnrbonnic.  Funinii;  with  sodium  pomxide  and  car- 
bonate in  an  imo  or  aickcl  cnicibic  is  tnom  eflectivc.  It  is  diflicult,  however, 
to  |ir«uipitAt«  ilII  or  (he  (unK»tiv  Hcid  by  evn|Kir»tion  with  >cid  und  imcipita- 
tion  uith  mcrcurouit  nitrate  oflvo  kIvlw  impure  prccipita1c£.  A  more  satis- 
factoo'  method  fot  theaaajveisof  tiuigsteo  uuicnil^iwiJl  befaundinAppcDdixI. 
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Tlie  oxide  obtflinci  in  th'w  way  nlmost  always  contains  silicic 
acid  and  sometimes  sUinnic  acid.  To  remove  the  former  the  resi- 
due is  heated  with  hydmHiinric  and  sulphuric  acids,  first  on  the 
wmt^r-hnth  and  finally  over  a  free  flame,  and  the  rteidue  is  weighed. 
The  difference  shows  the  armnint  of  silicic  acid  present.  Stannic 
acid  is  usually  present  in  such  small  amounts  that  it  is  not  usually 
detennined. 

The  separation  of  tungsten  from  tin,  however,  may  be  cfTected 
'.aecording  to  Rammelsbei:);)  by  repeated  ignition  with  pure,  dry 
ammonium  chloride.  The  tin  is  volatilized  as  stannic  chloride, 
while  the  tunfr^t^n  remains  behind. 

This  last  operation  is  conducted  as  follows :  The  residue  obtained 
after  the  treatment  with  hydroHuoric  acid  is  mixed  itithsix  to  eight 
tinMi  as  much  ammonium  chloride,  the  crucible  is  placed  within 
a  aooond  larger  crucible,*  and  the  latter  is  covered  and  ignited 
until  the  ammonium  chloride  is  complol^'ly  cTpellcd.  This  opera- 
tion is  repeated  three  times.  The  inner  crucible  ia  then  heated 
with  ready  access  of  air  until  its  contents  become  of  a  pure-yellow 
eoIoT,  after  which  it  is  cooled  and  weighed.  The  ignition  with 
ammonium  chlnridc  and  weighing  of  the  residue  ui  repeated  until 
a  constant  weight  ia  obtained. 

To  determine  the  iron,  manganese,  calcium  and  magneAium, 
the  insoluble  residue  from  the  sodium  corbonatc  fusion  in  dis- 
•olvcd  in  hydrochloric  acid,  the  solution  evaporated  to  dry- 
hms,  the  dry  residue  moistened  with  coacentrated  hydrochloric 
acid  which  is  allowed  to  act  for  ten  minutes,  then  diluted  with 
water,  boiled  and  any  silica  filtered  oS.  In  the  filtrate,  the  iron 
ia  Mparated  from  the  other  metals  by  the  basic  acid  acetate 
proc.as  described  on  p.  152.  The  manganese  is  precipitated 
by  Ideating  with  bromine  (sec  p.  123)  and  the  calcium  and 
magnesium  sepamted  as  described  on  p.  77. 

ftemark.— For  the  determination  of  niobium  and  tantahim,  a 
laiger  portion  of  the  substance,  about  5  gms.,  must  be  taken.  The 
finely-powdenxi  material  is  treated  with  liydiochluric  acid  to  which 
about  one-fourth  of  its  volume  of  nitric  acid  haa  been  added,  and 
digested  on  the  water-bath  until  the  resitlue  is  colored  a  pure  yel- 
low.   Tl>e  latter  is  filtered  off,  washe<I  with  water  containiiig  acid 

'ThM  u  to  prevent  taty  Mannir  oKid«  frnm  oolkftbg  on  Ibe  ouUide  of 
lh#  mifjble;  the  oxide  u  ionoai  wbco  Uo  chlohite  cume^  ia  cuaUct  witb 
« 
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until  the  iron  reaction  can  no  longpr  bo  obtainwl,  when  the  reairfue 
is  taken  up  in  ammonia  and  filtprc-fi ;  in  this  way  the  tungstic  ccid 
is  removed.  The  residue  is  usually  dark- col t>rtHl  and  consista  of 
encloHcd  mineral  as  well  ns  siliric,  stannic,  mobic,  and  possibly 
taiitalic  acids.  It  is  treated  with  oqua  rrgia  ngain,  water  b 
added, and  the  filtered  residue  is  once  more  treated  with  ammonia. 
The  liiial  residue  is  now  free  from  tungsten ;  it  is  ignited,  weighed, 
and  freed  from  silica  by  treatment  with  sulphuric  and  hydrofluoric 
aciiis.  The  residue  of  tin  dioxide  and  ninliium  pcntoxide  (and 
perhaps  tantalum  perito.vide)  is  placed  In  a  porcelain  boat  and 
ignited  in  a  current  of  hydrogen.  The  metallic  tin  is  ex- 
tracted with  hydrochloric  acid,  and  the  residue,  consisting  of 
NbaOsCTaaOo),  is  weighed. 

Iron  alloys  rich  ia  tungst-en  are  acted  upon  only  slowly  by 
aqua  regia.  If,  however,  they  are  first  roasted  in  the  air,  they  are 
compamtively  easily  brtiught  into  solution.*  Decomposition 
by  a  potassium  bisulphale  fiwion  is  still  better  (see  p.  292). 


Analysis  of  Tungsten  Bronzes. 

The  analysis  of  these  alkali  salts  of  complex  tungsten  acids, 
discovered  by  Wiihler  in  I.S2l,t  offered  for  a  long  time  considerable 
difficulty  on  account  of  the  fact  that  acids  do  not  decompa-ic  them 
very  readily. 

By  fusion  with  iilkalics  in  the  air,  or  better  still  in  the  presence 
of  potassium  nitrate,  the  tungsten  bronxes  can  be  converted 
without  difficulty  into  normal  alkali  tungstate,  and  the  tungsten 
determined  by  one  of  the  methods  already  described.  It  is 
obvious  that  the  alkalicj?  cannot  he  detc-nnined  in  the  same 
sample,  so  that  PhilippJ  proreeded  as  follows: 

The  bronse  is  treated  with  ammoniacal  silver  nitrate  solution, 
whereby  the  WOa  '3  oxidized  to  WOa  with  the  precipitation  of  an 
equivalent  amount  of  silver,  whereas  the  whole  of  the  tungsten 
remains  in  solution  in  the  form  of  jJkali  and  ammonium  tungstates. 
In  the  filtrate  obtained  after  filtering  off  the  deposited  silver,  the 

*  Prciu<Mer.     Zcit.  f.  anal.  Chem.,  U89,  p.  173. 

t  I'umt-  Ann,,  s.  aao. 

t  Beriobte,  15.  fiOO  (1&82}. 
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hinftpHJc  Acid  is  preciptUtcd  by  treatmrnt  «ith  nitric  acid  and 
deiennioed  as  WO3.  Mtcr  removing  the  excess  of  silver,  by 
pfntpitating  it  as  the  chloride,  the  filtrate  is  evaporated  to  dr^-ncss 
with  the  addition  of  sulphuric  acid,  and  the  aUcati  weighed  as 

Although  the  above  method  affords  Etatinfactor^-  resulU  in  the 
analysis  of  bronzes  eontaining  compftrativcly  little  tungsten,  it 
is  vhoUy  inadequate  in  the  case  of  bronw«  rich  in  tungsten.  The 
meihod  of  Brunner,*  which  follows,  is  Applicable  in  all  cases. 
It  18  baani  upon  the  fact  that  the  bronzes  can  be  transformed  \Try 
eadily,  and  without  lo^  of  alkali,  into  normal  tungstntcs  by  hent- 
ing  them  with  ammonium  persulphate^  or  ammonium  acid 
aulphate. 

Proeedun, — About  0.5  gm.  of  the  finely -powdered  bronxo  b 
treated  in  a  porwlain  crucible  with  2  gnis.  of  alkali-free  ammonium 
sulphate  and  2  c.c.  of  concentrated  sulphuric  acid  f  and  carefully 
hcatttl  over  a  ver>'  small  flame.  During  the  heating  the  contents 
of  the  crucible  are  frequently  shaken  about  a  little  by  cautiously 
moving  the  crucible.  The  escape  of  gases  from  the  crucible  soon 
cenm  and  when  sulphuric  acid  vapors  begin  to  bo  cvoIvchI,  the 
decompontiou  of  th«  bronze  results. 

I&  the  case  of  sodium  and  lithium  bronses,  the  fused  mass 
appears  greenish,  whereas  with  a  potassium  brunzu  the  color  is 
yellowish  white.  After  a  part  of  tlu>  ammonium  sulph.ato  has 
been  volatilized,  the  mass  in  the  crucible  is  allowed  to  cool, 
another  gram  of  ammonium  sulphate  is  added  and  1  c.c.  of  con- 
rentratod  sulphuric  acid,  whereupon  the  contents  of  the  crucible 
art  once  more  heated  as  before  until  iiulphuric  acid  fumes  come  off 
thickly;  the  crucible  is  then  allowed  to  cool. 

The  greenish  or  yellowish- while  fusion  is  rtoftoiied  by  tri.'at- 
mcnt  with  water  and  rinse*!  into  a  porcelain  dish.  After  adding 
fiO  c.c.  of  concentrated  nitric  acid,  the  contents  of  the  eva]x*rating 
Uish  arc  digested  on  the  water-bath  for  three  or  four  hours,  and 

*  IniUK.  Dissert,  Ziinch,  1U03. 

t  If  unmuniurn  pereulphale  u  used  the  aitdtlJon  of  sulphuric  add  ia 
tmniTrMnry  Tlit-  ooly  objeclion  la  tlie  ubc  of  the  pnn>iitphat«  lies  in  tlw 
imct  Uut  the  commercial  onlt  otlca  contains  aome  pota^iiTn  persulphate. 
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th'jK,  after  diluting  with  water,  the  residue  of  pure  yellow  tungstic 
acid  is  filtered  off. 

In  order  to  recover  the  small  amount  of  tungstic  acid  remain- 
ing in  the  filtrate,  it  is  evaporated  as  Ear  as  possible  on  the  waier- 
batli,  allowed  to  cool,  diluted  with  a  little  water,  carefully 
treat^^d  with  an  excess  of  ammonia,  again  evaporated  on  the 
water-bath  and  treated  as  described  on  p.  2S8. 

The  final  filtrate  from  the  tungsttc  acid  determination  is 
evaporated  to  dr>'ness,  the  ammonium  salts  expelled  by  ignition 
and  the  residue  of  alkali  sulphate  weighed  (cf.  pp.  41  and  42). 


P 


Separation  of  Tungsten  from  Tin.    Augenot's  Method.* 

One  gram  uf  the  finely  powdered  mineral  is  intimately  mbcod 
in  an  ii-on  crucible  with  8  gms.  of  sodium  peroxide,  and  the 
mixture  is  carefully  fused  over  the  Bunsen  burner  for  about 
fifteen  minutes.  After  cooling,  the  melt  is  softened  with  water 
and  transferred  into  a  250-c.c.  flask  (if  lead  is  present,  carbon 
dioxide  is  conducted  into  the  aolution  for  a  few  minutes),  the 
solution  is  diluted  to  the  mark,  well  mixed  and  filtered  through  a 
dry  filter,  rejecting  the  fii'st  few  e.c.  of  the  filtrate. 

For  (Ac  dElermination  of  the  tungsHc  and,  Augcnot  proceeds 
aceording  to  H.  Bonitriigcr.t  100  <:.c.  of  the  filtrate  are  allowed 
to  How  into  a  mixture  of  ir>  c.c.  con  cent  rated  nitrie  acid  Jind  45  c.c. 
of  coueentra'ed-  hydrochloric  acid,  evaporated  to  dryness  in  a 
porfclain  dish,  the  dry  residue  treated  with  .50  c.c.  of  a  solution 
1000  c.c.  water,  100  g.  concentrated  hydnxhioric  acid  ujid  100  g. 
ammonium  chloride,  filtered  and  washed  with  the  same  solution. 
The  precipitate,  winch,  besides  the  tungstic  acid,  also  contains 
ailicie  acid  and  stannic  oxide,  is  disdolved  in  warm  ammonia 
water,  the  filter  well  washed  with  the  same  reagent,  and  the 
aminoniacal  solution  allowed  to  flow  into  15  c.c.  of  con- 
centrated nitric  arid  and  45  c.c.  of  concentrated  hydrochloric 
acid.  This  time  the  liquid  is  evaporated  to  complete  dryness, 
is  taken  up  with  the  above  mixture  of  hydrochloric  acid  and 
amiiiunium  chlorirle,  filteroii  and  washed  finallj'  with  dUute  nitric 

*  2.  ang«w.  Owm.,  ]»,  140  (1006). 
t  Z.  nnat.  Chan.,  80,  361  <1900}. 
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arid  (using  preferably  a  Munroc  crucible),  nnd  innUfnt  In  nil  i>tnii|rtfi 
oven;  or  in  case  the  latter  is  not  nvuiljihir,  tlit*  crvmlliln  \*  |)|fii'Nl 
iande  a  larger  one  of  platinum  and  ignilnl  ovr»r  a  Toi*)ii  liUMiff 
to  constant  weight.  The  resulting  tungitlic  nfli<J  in  niiid  Ni  )in 
tne  fraa  sUic&  mnd  stannic  oxidc.^ 

Fvr  the  deUrmination  ofOu  tin,  a  fiecond  100  en.  fif  thf>  nrlKlfifd 

■Italian  onhninw  m  mmti.      U  ■  treatnd  With  ih  CC.  of  rmf  Afflf  rHfr<(l 

^AwUorie  arsd,  whcieby  tongrtie  acid  and  tA.nttn\n  nt^H  nff 
pndpitated.  At  shii  point  2  or  3  gnm.  of  piirr>  niw  nrf  n^lflM 
iba  iiigpii  aod  ■  rhiiyd  to  tlw  Mm  mi^  Jind  IK* 
Co  owulliB  lia.  Tb«  mliNi'i'  !<•  Allo«Ad 
to  inad  i|neriy^  ior  an  hoRV  at  a  te—pwa<m»  hH:*)^^  M** 

if  iha  Wm  mnAL    Tfe  lallii'  ■  HJHiimy  itT,  aivf  «<4wvf. 
la  llu  ««^  Ae  wtiafr  of  As  (h  «  obcaintf  i»  aa  arid  mlvtiim^ 

1^  hfaaonla  ds  tW  fiber,  ham.int.  '-m  ibantv^l 

mw  UmC  it  ^/i*"\*rv 

of  t^  KB  ■iMiiiiiir  ji  >  »ii  -  "MkfV  iwM  mM  (te< 
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chlorate  u  added  little  by  little  until  the  blue  tungsten  oxide  is 
completely  transformed  to  yGll(jw  tuugstic  acid,  when  the  liquid 
no  longer  shows  any  blue  tinge.  It  ik  diluted  with  one  and  one- 
half  times  as  much  water,  and  after  standing  twenty-four  hours 
the  tungstic  acid  is  filtered  off,  washed  first  with  dilute  nitric  acid 
and  then  with  one  per  cent,  solution  of  ammonium  nitrate,  dried, 
ignited,  and  weighed  as  WO3. 

The  tin  is  determined  in  the  filtrate  as  above. 

Separation  of  Tungstic  Acid  from  Silica. 

When  a  mixLun;  of  tungstic  and  Hilicic  acid  is  at  hand,  such  as 
is  obtained  by  evaporation  with  nitric  acid,  the  silicic  acid  may  bo 
removed  by  treating  the  ignited  reaiduc  with  hydrofluoric  acid 
and  It  large  excess  uf  sulphuric  add.  The  separation  docs  not 
succeed,  however,  in  the  mixture  of  oxides  as  obtained  after 
precipitation  with  mercuroua  nitnite;  for  in  thiii  case  the  silicio 
acid  Ih  ho  envclupod  with  tungstic  acid  that  som^  of  the  former  is 
nut  volatilized  a^t  liuuride.  In  such  euiies,  as  Friedheim  *  han 
shown,  excellent  results  may  be  obtainod  by  the 

Method  0/  Perillon.i 

The  mixture  of  the  ignited  oxides  is  introduced  into  a  plati- 
num boat  and  heated  to  redness  in  a  stream  of  dry  hydrogen 
chloride.  Thereby  the  tungsten  is  volatilized,  probably  as  an 
acid  chloride,  which  can  be  recovered  in  a  receiver  containing 
dilute  hydrochloric  acid;  the  silica  remains  behind  in  tht<  com- 
bustion tube. 

Frequently  the  timgslen  is  reduced  to  a  blue  lower  oxide,  which 
13  not  volatile  in  a  current  of  hydrtichloric  acid  gas.  In  such  rasea, 
after  the  appHnitus  lias  been  allowed  to  cool,  the  hydrogen 
chloride  is  n^placed  by  air,  and  the  wintenLi  of  the  boat  arc  healed 
in  a  current  of  air.  The  tube  is  ag.tiu  allowctl  to  cool,  the  air 
replaced  by  hydrogen  chloride,  and  the  tube  once  more  heated 

•  Z.  anorg.  Chem.,  4&.  308  (IDOS). 
t  [tull.  8OC.  riadudtrie  miiM;r.,  1884. 


■ 


Vj4NADIUhl.  3^ 

to  redness.  The  process  is  repeated  if  necessary  until  finally  a 
residue  of  pure  white  Si02  is  obtained.  The  molybdic  acid  hydro- 
chloride, Mo03-2HC1,  in  the  receiver  is  evaporated  to  dryness 
with  nitric  acid,  and  the  precipitated  WO3  is  filtered,  ignited 
aiid  weighed.  Unless  the  current  of  hydrogen  chloride  gas  is 
perfectly  free  from  air,  the  platinum  boat  will  be  strongly 
attacked. 

The  bisulphate  method  of  effecting  the  separation  is  less 
accurate  (See  Vol.  I). 


Vahadiuic,  v.    At.  Wt.  51.2. 

Vanadium  »s  determined  as  the  pentoxide,  V,0(. 

The  most  convenient  method  for  determining  vanadium  ia  a 
volumetric  process,  and  will  be  discussed  in  the  chapter  on  volu- 
metric analysis. 

If  vanadium  is  present  as  ammonium  or  mercurous  vanadate, 
it  can  be  easily  changed  to  the  pentoxide  by  ignition;  the  latter 
is  a  reddish-brown  fu-ible  substance  which  solidifies  as  a  radiating, 
crystalline  mass.  If  vanadic  sulphide  is  carefully  roasted  in  the 
air,  it  is  also  changed  quantitatively  to  the  pentoxide. 

In  the  analysis  of  most  minerals  containing  vanadium,  the 
vanadimn  is  separated  from  the  other  metals  present  by  fusing  with 
a  mixture  of  six  parts  sodium  carbonate  and  one  part  potassium 
nitrate.  After  cooling,  the  melt  is  extracted  with  water,  whereby 
the  sodium  vanadate  goes  into  solution  while  most  of  the  metals 
are  left  behind  in  the  form  of  oxides  or  carbonates.  If  phosphorus, 
areenic  (molybdenum,  tungsten),  and  chromium  are  present, 
these  elements  also  dissolve  on  treating  the  molt  with  water  in 
the  form  of  the  sodium  salts  of  the  corresponding  acids. 

In  practice,  therefore,  the  vanadium  is  usually  met  with  as 
the  sodium  salt  of  vanadic  acid,  and  it  is  a  matter  of  separating  it 
from  the  aqueous  solution  obtained  after  fusing  with  sodium 
carbonate  and  potassium  nitrate,  and  of  separating  it  from  the 
other  acids  which  are  likely  to  accompany  it  (phosphoric,  arsenic, 
and  chromic  acids). 
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Precipitation  of  Vanadlc  Acid  from  the  Solution  of 
Sodium  Vanadate. 

There  arc  two  good  methnrfs  for  the  sopnration  of  vanadic 
acid  from  a  solution  of  nii  alkali  vanmlatc:  the  Rose  method, 
arconling  to  which  the  vanadium  is  prwipitatwl  as  mrrcurous 
vanadate,  and  that  of  Roscnc,  by  which  it  is  prepipitatwl  as  lca<i 
vanadate.  The  Berzpliua-riauer  method,*  tn  which  the  vanadium 
is  precipitated  as  ammoniuTn  mctavonailatp,  was  found  by  Holver- 
scheidt  t  to  give  always  loo  low  results,  hut  Gooch  and  Gilbert,! 
as  well  as  E.  Campagne,S  obtained  correct  results  by  working 
in  an  ammomacal  solution,  which  was  saturated  with  ammonium 
chloride. 

1.  The  Mrrevrous  Nilraie  Method  of  Rose. 

Tho  alkaline  solution  U  nearly  nuutralizcd  with  nitric  acid 
and  to  it  is  added,  drop  by  drop,  a  uuarly  neutral  solution  of  mer- 
curous  nitrate  II  until,  after  ttiu  precipitatv  has  settled,  a  further 
addition  of  tlie  rua^onl  causca  no  precipitation.  The  liquid  is  then 
hejit-al  tih  iHHliiig,  liie  gray-rolorcxl  precijiitate  is  allowwl  to  settle 
and  m  filt<!n?d  ami  w.-whed  with  water  to  which  a  few  dmps  of 
mcrpunjus  nitmte  wdutioii  have  been  aildecl.  The  precipitate  is 
drieilpignite«l  under  a  good  li(H>d,«nd  the  residue  of  VjOjia  weighoil. 

ifenMrk.—ltt  neutrulizing  the  alkaline  solution  of  the  vamulate 
with  nitric  aeii],  the  sidutiun  niiiKt  on  no  aciiuunt  be  made  ariil^ 
fur  in  tills  ciiKe  nilnxis  acid  (from  the  nitrate  fusion)  will  be  set 
free  and  the  latter  reiluees  some  of  the  vanadate  to  a  vanadyl 
fialt  ani)  the  latter  i^  not  pre<-ipitated  by  mercurous  nitrate.  In 
onler  t-o  avoid  panKing  over  the  neutral  point,  Uillebrand  n«om- 
nicnda  fusing  with  a  wei(;hed  amount  of  siHlium  earlxinatc  ajid 
adding  the  ainouiiL  nf  riilrie  acid  that  has  bt^cn  found  necessary 
by  a  blank  test  to  neutnUiiie  this.    The  method  gives  good  results. 

*  Pogg.  Ann.,  S3,  .>4  und  J.  prekt.  Ch«m.,  G9,  3S8. 

tDi«ertatian.   Berlin.    tKi>0. 

t  Z.  anorg.  Cli.'in  .  3S.  175  (1902). 

I  Bt>ric>it«,  1iH)»,  3104. 

II  The  morcuruua  tutmt«  lued  otiould  leave  no  rwdue  on  beinit  ift^tcd. 
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2.  The  Lead  Acetate  Method  of  Roacoe.* 

Principle. — If  a  solution  weakly  acid  with  acetic  acid  is  treated 
Trith  lead  acetate,  orange-yellow  lead  vanadate  ia  quantitatively 
precipitated.  The  lead  vanadate,  however,  does  not  possess  a 
constant  composition,  so  that  the  amount  of  vanadium  present 
cannot  be  determined  by  weighing  the  precipitate.  After  being 
washed,  it  is  dissolved  in  as  little  nitric  acid  as  possible,  the  lead 
precipitated  as  lead  sulphate,  and  the  vanadium  detennined  in 
the  filtrate  by  evaporating  the  latter,  driving  oft  the  excess  of  sul- 
phuric acid,  and  weighing  the  residual  VjOg. 

Procedure. — ^Tlie  solution  from  the  sodium  carbonate  and 
potassium  nitrate  fusion  is  nearly  neutralized  as  before  with  nitric 
acid,  an  excess  of  lead  acetate  solution  is  stirred  into  it,  when  the 
voluminous  precipitate  will  collect  together,  rapidly  settle  to  the 
bottom  of  the  beaker,  and  the  supernatant  liquid  will  appear 
absolutely  clear.  The  precipitate  is  at  first  orange-colored,  but  on 
standing  it  gradually  becomes  yellow  and  finally  perfectly  white. 
It  ia  filtered  off,  washed  with  water  containing  acetic  acid  until 
half  a  cubic  centimeter  of  the  filtrate  will  leave  no  residue  on 
evaporation.  The  precipitate  is  now  washed  into  a  porcelain 
dish,  the  part  remaining  on  the  filter  is  dissolved  in  as  little  as 
possible  of  hot  dilute  nitric  acid,  and  the  solution  added  to  the 
main  part  of  the  precipitate,  to  which  enough  nitric  acid  is  adied 
to  completely  dissolve  it.  An  excess  of  sulphuric  acid  is  added 
to  the  solution,  and  it  is  evaporated  on  the  water-bath  as  far  as 
possible,  finally  heating  over  the  free  fiamc  imtil  dense  fumes  of 
sulphuric  acid  are  evolved.  After  cooling,  from  50  to  100  c.c.  of 
water  are  added,  the  lead  sulphate  is  filtered  off  and  washed  with 
dilute  sulphuric  acid  until  1  c.c.  of  the  filtrate  will  show  no  yellow 
color  with  hydrogen  peroxide.  The  lead  sulphate  should  be 
white  and  free  from  vanadium;  it  will  be  so  provided  enough  sul- 
phuric acid  was  used  and  the  mass  was  not  heated  imtil  absolutely 
dry  before  diluting  with  water.  The  filtrate  containing  all  the 
vanadic  acid  is  evaporated  in  a  porcelain  dish  to  a  small  volume, 
transferred  to  a  weighed  platinum  crucible,  evaporated  further 
on  the  water-bath,  and  finally  in  an  air-bath  until  all  the  sulphuric 

•  Ann.  Chem.  Pharm.,  Suppl.,  S,  102  (1872). 
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acid  is  removed,  Tlie  cpen  crucible  is  tlien  Ignited  f<ir  some  time  • 
at  &  faint-red  heat  and  ita  conteiitfi  finally  weighed  aa  V,0|^ 

Rfrmark. — Instead  of  dfcunij>ijsing  liic  lr.*ad  vanadate  by  means 
of  sulphuric  acid,  Holvyrsclieidt  reconuncnda  precijjitaiing  the  lead 
aa  sulphide  by  means  of  hydrogen  sulphide  and  determining  the 
vanadium  in  the  filtrate,  For  this  purpose  the  blue-colored  filtrate 
from  the  lead  sulphide  precipitate  (which  contains  some  vanadyl 
salt)  ia  boiled  to  expel  the  excess  of  hydrtigen  sulphide  and  the 
dopoi3itcd  8»]|)hur  is  filtered  off.  A  few  drops  of  nitric  acid  are 
added,  the  solutJon  evaporated  to  dryness,  and  the  reddish-yellow 
hydrate  of  vanadio  acid  is  chiLnged  by  gentle  ignition  into  the 
pentoxide  of  vanadium. 

Ijead  may  also  bo  separated  from  the  Vfinadic  acid  aa  lead 
chloride.  In  this  case  the  procedure  recommendwl  in  the  analyas 
of  vanadinite  (|).  31JSJ  is  foUi)VVTd. 

Tlie  separatirm  of  vartatliutn  as  the  sYdphide  by  acidifjing  a 
solution  of  an  alkali  vanadate  that  has  been  treat^vlwith  an  excess 
of  nmmttnium  sulphide  is  not  adniisaihli*,  fnr  only  a  part  of  the 
vanadium  is  pn-eipitatrd  a.s  the  lirown  aulphidt?,  the  rest  remaining 
in  solution  in  the  form  of  vanadyl  salt.  H.  Rose  calk-d  the  attcnlioa 
of  chpmista  to  the  inaf'euracy  of  Ihw  method,  but  this  has  not  pre- 
ventc<l  ita  bping  re^'onmirnrlpd  in  some  of  the  most  rncr-nt  works 
on  analytical  chemistry.  The  atithor  has  carefully  tested  the 
method  and  found  it  us(-le<w. 

Separation  of  Vanadium  from  Arsenic  Add. 

Most  miner-ilg  cnntainiii;:;  vanadium  also  contain  arsenic, 
and  after  extracting  the  melt,  obtained  by  fusion  with  sodium 
carbonate  and  nitre,  with  xoaUr,  both  elements  go  into  solution. 
For  their  separation,  the  solution  is  ncidifipd  with  dilute  sulphuric 
acid  and  sulphur  dioxide  is  passed  into  ihs  hot  liquid,  whereby  the 
vanadic  add  is  reduced  to  vanadyl  salt  and  the  arsenic  to  arsenlous 
acid.  After  boiling  to  remove  the  excess  of  sulphur  dioxide,  the 
solution  is  saturated  with  hydrogen  sidphide  and  the  precipitate 
of  arsenJo  trisulphide  is  filtered  off.    The  filtrate  is  free<l  from 

•  On  expeUiog  the  6ulpiiuri>c  acid,  tlwrc  is  finally  formrij  »omv  gnxa  and 
tntwi)  orysUla  of  a  c«iii|>uuik1  of  viuuuilo  acid  wiib  sulphuric  acid;  Uiete  on 
documposed  only  bX  b  fumt-rcd  liuaU 
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b^-drogen  tulphidc  by  boiling,  evaporated  with  nltrte  »cW  In  ortlnf 
to  form  ran&dic  add  again,  the  solution  Is  thon  matlo  alkalimt  with 
odium  carbonate,  and  the  vanadium  detcroiinod  L>y  uiu  uf  Uw 
ftbovB  metbods. 


Separation  of  Vanadium  from  Phosphoric  Acid, 

If  tbe  •oitickia  of  the  soda-nitro  fusion  wntnirin  phoxiihriHo  •• 
■cfl  M  Tuudie  SiCid,  both  are  precipitstnl  by  riHTcnrouii  nilratr, 
dte  predpitata  wh^kI  with  dilute  mcreuraua  nitrate  loluUon  arwl 
ir^mL  In  tUi  waj  the  sum  of  the  V^+r,0.  »  obtafawL 
Whda  PA  >B  pRBsi  tha  VA  doe*  not  melt,  but  onlr  atoteff 
nptbar.  Ite  spited  otzidea  are  foanl  with  an  cqtul  -wmt^i  <4 
■  iiliiaii  uit  jiwli,  themeh  fa  diaMiml  in  water,  tha  uJMtrm  ma/la 
aad  wiifc  fld^faici*  acU  and  faoOed  iridi  at^pfavaoB  mU  in  r^d<^ 
tondnaathenaadaacaltoTmaaaTiBBlphMa;  ifekrttarwttW 
I7  Ae  pam  fafa*  aafar  *ydk  Ifca 
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be  dctoetRd  aeconling  lf>  llii?  pmce  Jure  of  Woy,  not  cvt-n  on  boiling 
tho  suhilioii.  Oil  th(!  utb[!r  hatul.  iin  inniK'Jiutu  prt-cipitaliun  was 
pnHluwii  if  a  stronger  Bolutioti  of  (immonium  inoivbtiatc  were  used 
(".')  ^lUH.  of  :inimonin3n  imilylKljito  ilissolvml  in  500  c.c.  of  water) 
ami  tliiti  Hululion  poiiixrd  ijito  500  v.c.  of  niUic  uci<l,  sp.  gr.  1:2. 

The  abov&^escribed  separatkm  gives  correct  results  onJy  when 
the  vanadium  is  present  as  vanadyl  sulphate;  if  vanadic  acid  is 
present  it  is  precipitjitcd  with  iJie  phosphoric  acid.  If  the  sohi- 
Uoii  is  allowed  to  stand  after  the  luUliticu  of  the  anitnoniuni  inolyb- 
date,  the  vanadyl  sulphate  is  grailuully  oxidized  to  vauadic  acid; 
the  precipitule  therefore  shuuld  nut  be  allowed  to  staud  long  before 
filtering  * 

Separation  of  Vanadium  from  Molybdenum. 

The  solution  containing  the  alkali  sallt;  of  the  two  acids  is 
acidified  with  sulphuric  aciil  and  the  jnolybilenum  precijiitatcd 
ill  a  pressure-flask  by  means  of  hydrogen  sulpliidc,  and  the  pre- 
cipitate filtered  off  throuKh  a  Gooch  crucible.  a£  described  on 
pp.  2>i5an'i  2Sfi),and  wfishodas  MoO,.  After  removing  the  excess 
of  hydrogen  sulpludn  from  tho  ftltratc.  the  vanadiutn  is  oxidized 
\rith  nitric  acid  and  ili-tiTtiiiiitHl  ils  deauribed  under  the  Separation  of 
Vanadiiuu  from  AnHuiio  Acid,  )>.  306. 

Analysis  of  Vanadiaite,  (Pbj(VO.),CI). 

Besides  lead,  vanadic  acid,  ajid  chlorine,  the  uiiueral  often  OOQ' 
tains  aiscnlc  and  ]ih(K)phoric  acids. 

Dcterminaiion  oj  Chlorine. 

About  1  gm.  of  the  finely  powdered  mineral  is  dissolved  in 
dilute  nitric  acid  (In  order  to  avoid  loss  of  chlorine  the  solution  is 
kept  cold),  and  the  solution  is  dihiteil  with  considerable  water. 
The  chlorine  is  ])recipitated  with  silvtT  nitrate  and  the  wciglit  of 
the  silver  cldoride  determined  as  described  on  p.  317. 

Determination  oj  Lead. 

The  filtrate  from  the  silver  chloride  is  treated  with  liydrochlnric 
acid  in  order  to  precipitate  the  c-vcess  of  silver,  filtered,  washed 


«ith  hot  water,  and  the  solution  ihw  freed  from  ailvor  is  ovaporat«(I 
to  dryness  to  remove  the  nitric  acid.  The  dr>'  mass  ir  moiNtRneil 
wiiU  hydrochloric  acid,  95  per  cent,  alcoliol  i.^  luMi-d  in  or<lp» 
to  precipitate  completely  the  lead  cliloride,  antl  tlio  Utter  i« 
filtered  through  a  Gooch  crucible,  wivshed  with  alccliol,  dried 
at  110^  C.  and  weighed  as  PbCIa. 

Detirminatum  0/  Vanadium,  Phosphoric  And,  otuI  Araenie. 

The  filtrate  from  the  lead  chloride  containn  the  vanadium 
as  vanadyl  salt.  The  alcohol  is  driven  elf  hy  careful  hfalinf^ 
on  the  waier-Uath,  nitric  acid  is  added  to  tliu  (i[>Iiiti<iii,  niul 
tlie  .atter  is  repeatedly  evaporated  in  order  to  oxidize  (he  blue 
raiadyl  sail  to  brouTi  vanadium  pentoxJde.  Tlio  dry  niaw  is 
waehed  by  means  of  as  little  »ater  as  poeniblu  into  n  nctKhod  plati- 
DtuD  crucible,  the  residue  adberiug  to  the  Bides  of  the  diah  is  fila- 
solved  iu  a  httle  anuuunia  and  atlilt-i  to  It.  Thr  rrucililf-  in  tlirm 
heated,  at  firet  gradually  to  expel  the  ainnionia,  and  nftenrard 
nuro  8tnnij;ly  with  ready  access  of  air  (uncovered  crucible)  unUt 
the  reduced,  darlt-colored  oxkle  ia  changed  orer  to  the  briiwiihh- 
red  pentoxide.  The  temperatare  is  then  nusefl  until  the  vanadhim 
oxide  br^in!!  to  melt.    If  pho^thorie  add  in  pmirat,  ita  anhy^lrVls 

vd^ted  with  the  vaiuulium  and  the  ammmt  of  P/)^  \n  tU-u^- 
m  flcseribed  on  p.  307;   this  amount  k  deducted  irotn  th« 
wei^t  of  the  two  oxidai. 

The  dctenninatiaa  of  anvnie  li  bail  carried  oat  in  a  nt^ntttt^ 
portioii.  For  this  parpnae  the  niaenil  la  Jfciiolrsd  in  htd  nitric 
add.  the  giTMter  part  of  the  excMs  of  the  acid  In  frmovcH  by 
evaporation,  the  aohitwit  is  Aited  wHh  ws<#r,  iirtd  tK#  1mi>1 
pndpitaled  bj  the  ad£tim  of  a^^pbiffe  arid.  From  ih^  flltratA, 
the  last  partiona  at  bad  and  anenk  af»  pfi>ripit*M  \ry  h^dMV 
gtn  so^ihide.  aft«r  pnrvlow  sMfcietioxi  vMl  fVlpfNOWns  ik^. 
Ibe  fittcfcd  prsespitsie  ii  iffyfuJ  with  muKvn  solpMiti*  and  fU 
sneak  pnapiuiBl  hum  Oe  eofacina  ihtsi  nUmnni  by  th*  addl- 
tioaefhydwrhinofftad.    The  asRSie  •alphi'lf  i^  '  f/t 

aoBdc  aodt  pnrfaniify  by  tfinoKinfl^  in  MiotttM..^  •  ■'•fi 

tad  ''■^i— '— '  meimMmg  to  p.  304. 
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Detennlnatloii  of  Vanadium  and  Chromium  In  Iron  Ores 
and  Rocks. 

Method  of  W.  F.  liilUhrand* 

As  vanadium  cften  occuns  in  many  ores  of  iron  and  in  rocks, 
iJthough  in  verj'  small  amounts,  it  is  often  of  interest  and  of  im- 
portance to  be  able  to  detonniiie  it  in  sucli  cases.  For  this  purpose 
it  is  best  to  proceed  as  follows: 

I'"ive  gins,  of  the  finely  jjowdered  mineral  are  mixed  with  20  gms. 
sodium  carbonate  and  3  gtiu^.  pota-ssiuni  nitrate  and  fused  over  the 
blast-lamp.  The  green  fusion  (containing  manganese)  is  extracted 
with  water,  a  few  drops  of  alcohol  are  added  to  retluce  the  man- 
ganese, and  the  residue  is  filtered  off.f 

The  aqueous  solution  contains  sodium  vanadate  and  often  phos- 
phate, chromate,  molybdatc.  aluniinatep  and  considenible  silicate  as 
well  First  of  oil,  the  aluminium  and  the  greater  part  of  the  silicic 
acid  are  removed  by  nearly  neutralizing  the  alkaline  solution  with 
nitric  acid.J  It  is  verj'  important  that  the  solution  is  not  made 
acid  at  this  point  on  account  of  the  nxiucing  action  of  the  nitrous 
acid  set  free  from  the  nitrite  formed  during  the  fusion.  The 
almost  neutral  scijution  is  evaporated  nearly  to  dryness,  taken  up 
in  water,  ami  filtered.J 

The  cold  alkaline  solution  is  now  treated  with  an  almost  neutral 
solution  of  inercurouK  nitrate  until  no  further  precii>itation  takes 
place.  The  soniewhat  vohiniinous  precipitate  contains,  besides 
incrcurous  carbonate,  also  its  chromate,  vanadate,  molybdate, 
arsenate,  and  plioHplmte,  if  the  correspomting  elements  are  present 
in  the  mineml,  If  the  precipitate  is  too  bulky,  a  little  nitric  acid 
is  cautiously  added,  and  then  a  drop  of  mereurous  nitrate  in 
order  to  see  if  the  prwipitation  is  complete. 

•  See  U.  S.  Gcol.  Survey  BuU.,  4H. 

flf  considprnble  VAnadium  is  prrant.  the  insnlulile  rmiijue  slwayt  eon- 
tains  vHtuidium  and  must  b«  fiitti^  with  Aodo-nitrr  agnin. 

X  Th«  lunimnt  of  nitric  acid  aeocasary  to  oeutndiie  20  gnu.  of  soda  ii 
determined  by  a  blaok  l^st. 

(TtiL-  n-wduu  uf  alumitiium  hydroxide  and  silicic  acid  almost  never  con- 
tains vnnadium,  but  coutains  ehromium.  If  it  is  desired  to  determine  tho 
latter,  the  ix»tdu«  is  evnpomt«d  to  drynnm  nith  hydmfltiotie  and  aulphuria 
acids,  tilt!  dry  muM  \a  fused  with  soda  and  mtrc  agaJn,  and  the  aqueoiu  solll* 
tioD  of  the  melt  added  to  the  iiimii  soluUuci. 
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The  liquiil  is  heated  to  boilings  filtered,  the  precipitate  wohIumI 
with  water  containing  ammi^nium  nitrate,  dried,  and  ignLtc<l  in  a 
platinum  crucible  at  aa  law  a  temperature  as  possible.  The  ignited 
rwidue  is  fused  with  a  little  sodium  carbonate,  the  melt  extracted 
with  water  and,  if  yellow-colored,  it  xs.  filtered  into  a  2fl-c.c.  flask 
aad  the  amount  of  chromium  determined  colorimetrically  by  cnm- 
pving  its  color  with  a  carefully  prepared  solution  of  polas&ium 
chromate. 

The  solution  is  then  slightly  acidiSed  with  sulphiuic  arid,  and 
the  molybdenum,  arsenic,  and  traces  of  platinum  precipitatwl  by 
bydrogEm  sulphide  in  a  presaure-fla&k.  Tiie  precipitated  sulphidcn 
are  filtered  off,  the  filter  together  with  the  precipitate  is  carefully 
igiuted  in  a  porcelain  crucible,  a  few  drops  of  sulphuric  acid  are 
added  and  the  crucible  heated  again  until  the  acid  is  almost  com- 
pletely removed.  On  cooling  the  mass  ia  colored  a  beautiful  blue  if 
molybdemum  is  present. 

The  filtrate  from  the  above  precipitate  is  freed  from  the  ex- 
em  of  the  hydrogen  sulphide  by  boiling  and  passing  a  stream  of 
caibon   dioxide  through  it,  and  the  hoi  solution  is  then  titrated 

to  a  pink  color  with  t^  potassium  permanganate  solution  (cf.  VoL 

AbaL).  In  order  to  obtain  absolut<?ly  accurate  results,  the  iwihi- 
tioa  is  now  reduced  by  means  of  sulphur  dioxide  and  the  titration 
Fi.|iiMled.    The  mean  of  the  two  expcrimenta  gives  the  vanadium 

6V,O«<S04)j+2KMDO4+22n2f;  =  2KUSO4+2MnS0» 

+  10U3VO4+ftH2SO4. 

This  method  gives  correct  reimltg  only  when  the  amount  of 
riBwhim  prb«ni  ia  vcr>'  small,  which  is  true  in  the  majority  of 


In  case  more  than  5  mgm.  of  chromium  are  present  a  correction 
it  be  made,  for  a  measurable  amount  of  permanganate  is 
up  in  oxidizing  the  chromium.  This  is  determined  by  tak- 
fag  a  aohitioo  containing  the  same  nroount  of  chntmate  as  the 
analjaed  sohition,  reducing  it  nith  sulphunnis  acid,  and  titraU 
i«C  iritb  pennanganate.  The  amount  of  permanganate  now  used 
be  eabtneted  from  the  amount  used  in  the  analysis,  and  from 
ftv  SMamttt  the  amount  of  vanadium  present  is  calculated. 
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Determinatioa  of  Vanadium  and  Chromium  in  Pig  Iron. 

FVom  5  to  10  gins,  of  the  iron  are  diwolved  in  dilute  hydro- 
chloric  aii^i  in  a  flask,  tiieaiiwhile  piLssIng a  current  of  carlion  diox- 
ide thronRh  the  liquid.  For  each  gram  of  iron  taken,  5  c.c.  of 
hydrochloric  acid,  sp.  gr.  1.12  and  10  c.c.  of  water  are  us«d.  The 
solution  is  hastened  by  warming,  finally  boiling  it  until  there  U  no 
more  evolution  ui  giLs,  It  i.s  now  diiutwl  with  an  equal  volume  o\ 
water,  allowed  to  cool,  and,  without  filtering  off  the  slight  residue, 
an  excess  of  iMirium  carbonate  if  adde<l  and  the  mixture  allowed  to 
stand  for  twenty-four  hours  with  frequent  shaking.  The  residue 
is  filtered  off,  rapidly  washed  with  cold  water,  dried  and  ignited  in 
a  platinum  crucible  in  order  to  bum  off  the  carbon.  Five  parta  of 
sodium  carbonate  ami  one  part  of  nitre  are  then  added  to  the  con- 
tenUi  of  the  crucible  and  the  mixture  is  heated  to  <iuioi  fusion. 

The  fusion  is  leacheil  with  water  and  the  solution  thus  obt^iined 
conlaitui  all  the  clironiiuin  as  chromatc,  and  tliu  vanadium  tui  vaua- 
date  in  the  presence  of  alkali  silicate  and  pliosphate.  The  aque- 
ous Kohition  is  now  nearly  ueutrahKcd  with  lutric  acid,  being  care 
ful  not  to  make  the  solution  acid  va  the  mtroiis  acid  set  (roe  will 
reduce  some  of  the  vaamliuui  and  chronuuni.  The  barely  alkaline 
solution  is  then  tredted  with  an  almost  neulral  sfdution  of  morxni- 
rous  nitrate  until  no  further  jjrc<'lpiiiilion  takes  place,  the  liquid  is 
heateil  to  boiling^  fdterod  and  wa.shed  with  water  contaliiiug  a  little 
nicrc'uruus  nitrate.  After  drying,  as  much  of  the  prLvijHtate  as 
|K)ssible  is  Iransf crrrHl  to  a  platinum  cnicible,  the  fjlter  burned  by 
itself  and  itsaahaddr-d  to  themain  jKjrtion  of  the  precipitate,  which 
is  ignileil  to  removn  the  mi^rcurj'.  Tlie  nshhie  is  fused  with  a  little 
sodium  carbonate,  the  melt  extracted  with  water,  and  the  aulutioo 
fiheretl.  In  caso  the  fdtrate  is  colored  yellow,  the  amount  ol 
chntcniuni  preweJit  is  dtflennined  ptdnrinn'trically  *  by  jdiicing  the 
solution  in  a  grailuatinl  cylinder  and  e<mipurin]j  itM  color  with  a  putas- 

*  The  colorimi'tric  lietermiiiation  is  only  Buitatile  when  nnall  omoutiU  are 
pr<!n*tit.  When  von  side  nil  ^k>  clironiiiitti  in  pntwtit  (c-hn>me  sterl)  thi?  n-sulta 
obtaiiicj  liy  lli«  colorinietric  dcU-nninntkin  may  l>n  iis  much  iw  2  per  rent.  Uto 
high.  In  such  cases  tUc  chiomio  add  is  titrated  with  ferrous  sulphate  (sec 
Vol  An&l.). 


aium-ohronuitc  solution  containing  a  known  amount  of  chromium. 
The  Buiution  is  then  acidified  with  sulphuric  acid  and  hydrogen 
sulphide  \s  conducted  into  tbe  boiling  !>olution  to  pn?cipitate  ar- 
aeoic  and  platbuin.    After  filtering,  the  hydro^ou  sulphide  is  re- 

moved  and  the  hot  solution  titrated  with  ^^  potassium  pcrman- 

gaQat«  solution  (cf.  Volumetric  Analysid). 


Determiaation    of   Vanadium,    Molybdenum,    Chromium,    and 
Nickel  in  Steel.    Method  of  A.  A.  Blair.* 

The  method  Is  given  in  this  edition  of  the  book  b3  illustrating 
the  removal  of  the  gri-iitcr  part  of  the  iron  from  a  ferric  chloride 
Holution  by  shaking  with  ether.  Althouf^h  it  is  difficult  to 
effect  a  perfect  Hcparution  in  thi»  way,  still  when  the  conditions 
are  right,  almost  all  of  the  iron  can  be  removed  »o  that  a  large 
sample  of  steel  can  be  taken  for  analysis.  This  particular 
method  has  not  been  teeted  in  the  author's  laboratory  and 
is  not  given  in  the  Gemian  edition.  Tlic  ether  separation, 
however,  is  discussed  in  many  other  text-books  and  deserves 
mention. — (Translator.) 

Molybdenum,  in  this  analysis,  follows  the  iron  so  that  when  a 
email  amount  of  thi^  former  is  present,  as  w  the  case  in  steels, 
the  ether  solution  may  be  regarded  as  containing  all  of  the 
molybdenum,  as  well  a.'^  the  great.er  part  of  the  iron. 

Procedure. — Two  grams  of  the  steel  are  dissolved  in  nitric  acid 
with  the  addition  of  hydrochloric  acid  if  necessary.  The  resulting 
solution  is  evaporated  to  dr>-ness  and  the  residue  dissolved  by 
treatment  with  hot  concentrated  hy<lroicbtoric  acid.  If  silica  is 
prtMcnt,  the  solution  is  diluted  and  filtered.  The  hydrochloric 
acid  solution  is  evaporated  to  a  sirup,  the  latter  dissolved  in  a  little 
hydrochloric  acid,  sp.  gr.  l.rf  and  transferred  with  the  aid  of  a 
little  more  of  the  same  acid  to  a  separator)*  funnel  of  about  250 
c.c.  edacity  which  ia  provided  with  tightly  fitting  stop-cock 
and  glass-stopper.     About  SO  c.c.  of  ether  arc  added  to  the  cold 

•J.  Am.  Cbem.  Soc..  80,  1228. 

t  Tlie  wpAralioQ  works  beat  with  ackl  of  this  concontratioa. 
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snliition  *  aufi  th<^  mixture  is  shaken  viRoroualy  for  half  a  minute. 
M/Ticn  the  two  liquids  iire  in  equilibrium,  the  lower  layer  ia 
transferrwl  to  a  soconrl  Rrparator\'  funnel.  The  stopper  of  the 
first  funnel  19  carefully  rinsed  with  hydrochloric  acid,  ap.  gr. 
1.1,  the  contents  of  the  funnel  once  more  ^aken,  and  the 
lower  layer  nddod  to  the  contents  of  the  second  funnel.  The 
solution  in  the  latter  is  shaken  with  50  c.c.  more  of  ether,  and  the 
acid  solution  containing  all  the  vanadium,  chromium,  nickel, 
manganese  and  copper,  is  run  into  a  beaker  and  freed  from 
dissolved  ether  by  evaporating  on  the  water  bath  nearly  to  dry- 
ness. An  excess  of  nttric  acid  is  added  and  the  solution  again 
evaporated  to  remove  all  the  hydrochloric  acid.  When  the  solu- 
tion w  almost  simpy,  20  c.c.  of  hot  water  are  added  and  the 
solution  is  heated  with  the  addition  of  a  little  sulphurous  acid  to 
reduce  any  chromic  acid  that  may  have  been  formeil.  The  hot 
solution  is  slowly  poured,  while  stirring  vigorou.-*ly,  into  a  boiling 
10  per  cent,  solution  of  sodium  hydroxide.  After  boiling  a  few 
minutes,  the  precipitate  is  allowed  to  .settle,  i.**  washed  twice  by 
dccantation,  and  finally  on  the  filter  until  the  volume  of  the 
filtrate  is  about  300  c.c.  The  precipitate  conlains  the  hydratod 
oxides  of  chromium,  nickel  and  iron  with  the  greater  part  of  the 
manganeH>  and  any  copper  that  may  have  been  in  the  sample. 
The  filtrate  contains  the  vanadium,  some  silicate  and  aluminate 
(from  the  reaf^ents)  and  sometimes  a  little  chromium.  It  is 
matle  barely  acid  with  nitric  acid,  once  more  made  alkaline  with 
a  few  drops  of  sodium  hydroxide,  boiled  and  filtered. 

The  vanadium  is  detennined  in  this  last  filtrate.  It  is  pre- 
cipitated as  lead  vanadate  by  the  addition  of  10  c.c.  of  a  10  per 
cent,  solution  of  lead  nitrate,  eventually  adding  enough  acetic 
acid  to  make  the  solution  decidedly  acid  and  boiling  for  several 
minutes.  The  lead  vanadate  is  filtered  and  washed  with  hot 
water.  The  precipitate  is  dissolved  in  hot,  dilute  hydrochloric 
acid,  the  solution  evaporated  nearly  to  dr>'ne8s,  treated  with  50 
c.c.  of  hydrochloric  acid,  evaporated  again,  cooled,  treated  with 
10  c.c.  concentrated  sulphuric  acid,  and  evaporated  until  fumes 

*  Thu  warm  solution  would  Tvsult  in  tlio  reduclioa  oi  vome  of  tbe  iron  by 
the  ether. 
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of  sulphuric  anhydride  are  evolved.  When  cold  150  c.c.  of  water 
are  added,  the  Bolution  heated  to  between  60  and  70°  and  titrated 
vith  permanganate.  The  evaporation  of  the  vanadate  solution 
with  hydrochloric  acid  and  subsequent  treatment  with  sulphuric 
add  results  in  the  reduction  of  the  vanadium  from  the  quinque- 
ralent  to  the  quadrivalent  condition,*  and  the  titration  with 
permanganate  makes  the  vanadium  quinquevalent  again.  Con* 
aequently  2  atoms  of  V  are  equivalent  to  1  atom  of  oxygen  in 
the  titration.  The  presence  of  a  little  iron  docs  not  interfere 
when  the  vanadium  is  reduced  in  the  above  manner. 

The  two  precipitates  obtained  by  the  sodium  hydroxide  treat- 
ment contain  chromium,  nickel  and  copper  besides  iron  and 
manganese.  The  two  filters  are  ignited  and  the  precipitates 
fused  with  about  2  gms.  of  sodium  carbonate  and  half  a  gram  of 
potassum  nitrate.  The  fused  mass  is  treated  with  water  and 
the  solution  filtered.  The  residue  contains  the  nickel,  copper, 
iron  and  part  of  the  manganese;  the  filtrate  contains  the  chromium 
and  the  rest  of  the  manganese.  To  the  filtrate,  enough  ammonium 
nitrate  is  added  to  convert  all  the  sodium  salts  to  nitrates,  and  the 
solution  evaporated  to  small  volume  with  the  addition  of  a  fejv 
drops  of  ammonia  from  time  to  time.  The  evaporated  solution 
is  diluted  to  50  c.c.  and  filtered.  The  precipitate  consists  of 
hydrated  manganese  dioxide  (alumina  and  silica  from  the 
reagents).  Tiie  filtrate  is  boiled  to  drive  off  the  ammonia,  sul- 
phurous acid  added  to  reduce  any  chromic  acid,  the  excess  of 
reducing  agent  boiled  ofT,  and  the  chromium  precipitated  by  the 
careful  addition  of  ammonia  to  the  boiling  solution.  The  precip- 
itate is  filtered  off,  washed  and  weighed  as  CraOa. 

The  filter  containing  the  insoluble  residue  from  the  above 
fusion  is  returned  to  the  same  crucible  in  which  the  fusion  was 
made  and  ignited.  The  ignited  oxides  are  dissolved  in  hydro- 
ddoric  acid,  the  solution  diluted  and  the  copper  precipitated  by 
hydrogen  sulphide.  The  filtrate  is  evaporated  with  sulphuric 
add  tmtil  the  hydrochloric  acid  is  all  expelled,  whereupon  it  is 

•Campagne,  Compt.  rend.,  137.  670  (1903), 
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(liluu-*!  aiiil  troatfid  with  a  large  excess  of  ammonia  and  the 
nickel  determined  by  electrolysis  (see  p.  136). 

The  ether  solution  from  the  two  separatory  fuanels  in 
5hakPD  with  water,  which  causes  the  separation  of  an  ether 
layer  from  the  solution  containing  the  iron  and  molylHienuin. 
The  lower  layer  is,  therefore,  drawn  oft;  the  solution  of  ferric 
chloride  containing  all  the  molybdeiium  \a  evaporated  nearly  to 
drj-nees,  the  cold  solution  treated  with  10  t.c.  of  concentrated 
sulphunc  acid  and  evaporated  until  the  sulphuric  acid  fumes 
freely.  The  cold  sulphuric  acid  solution  is  diluted  with  100  c.c. 
of  water,  reduced  by  the  careful  addition  of  ammonium  acid 
sulphite,  the  excess  of  sulphurous  acid  boiled  off,  and  the  cold 
solution  saturated  with  hydrogen  sulphide  in  a  200  c.c.  pressure 
bottle.  The  bottle  is  stoppered  and  heated  on  the  water  bath  for 
several  hours.  After  slowly  cooling,  the  precipitate  is  filtered  into 
a  Gooch  crucible  and  washed  with  water  containing  a  little  sul- 
phuric acid  and  finally  with  alcohol.  The  Gooch  crucible  is 
placed  within  a  larger  porcelain  crucible  so  that  the  bottom  of  the 
former  does  not  touch  that  of  the  latter,  covered  with  a  watch- 
glass  and  heated  gradually  until  there  is  no  more  odor  of  sulphur 
dioxide.  The  watch-glass  is  then  replaced  by  a  porcelain  crucible 
cover  and  the  heating  is  continued  until  the  ignited  precipitate 
becomes  bluish  white  in  color. 

The  Gooch  crucible  is  then  heated  to  faint  redness,  cooled  and 
weighed.  The  heating  and  weighing  is  repeated  until  the  pre- 
cipitate ceases  to  lose  in  weight.  The  crucible  is  then  placed  in 
the  suction  bottle  and  washed  with  ammonia  until  the  washings 
are  free  from  molybdenum.  The  crucible  is  again  heated  and 
weighed.  The  difference  in  weight  corresponds  to  the  amount 
of  molybdenum  trioxide.  A  email  amount  of  ferric  oxide  "Iways 
remains  uu  the  felt. 
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Detennination  as  Metal,  Ag. 

Metallic  silver  is  obtained  by  the  ignition  of  silver  oxido,  car- 
bonate, cyanide  or  the  salt  of  on  organio  acid.  In  the  latter  case, 
fte  auhstance  must  be  heated  very  cautiously  at  6rst  in  a  covered 
crucible.  When  the  organic  substance  is  completely  charred, 
the  cove-T  is  removed  from  the  crucible  and  the  contents  are  ignited 
until  the  carbon  is  completely  burned,  and  the  crucible  then  weighed. 

From  the  chloride,  bromide  (but  not  tho  iodide)  and  fiulphide, 
the  metal  may  be  obtained  by  igniting  in  a  current  of  hydrogen. 
The  reduction  of  the  chloride,  bromide,  und  iodide  may  be  effect- 
ed very  conveniently  by  passing  the  electric  current  through 
the  substance  after  it  has  been  melted  together.  The  porceJain 
crucible  containing  the  silver  halide  is  placed  in  a  crystaUising 
dish  and  near  it  is  placed  a  second  crucible  containing  a  little 
mercury  and  a  small  piece  of  zinc.  Upon  the  silver  salt  is  placed 
s  small  disk  of  platinum  foil,  which  is  fastened  to  a  platinum  nire; 
the  other  end  of  the  wire  dips  in  tho  mercury  in  the  other  crucible. 
The  crystallizing  dish  is  hlied  with  dilute  sulphuric  acid  (1:20) 
BO  that  the  crucible  is  entirely  covered  with  the  acid  and  it  is  then 
allowed  to  stand  over  night.  Next  morning  all  of  the  silver  salt 
will  be  found  to  be  reduced.  The  crucible  is  removed  from  the 
add,  waslM,-*!  with  water,  ilrie<l,  ignit<>dj  and  weighed.  By  this 
simple  mcthoil,  R  Lagutt  obtained  e-xcellent  results.  If  the 
silver  halide  has  not  Vx^m  fused  to  a  compact  ma&'i  small  particles 
of  the  silver  precipitate  are  likely  to  float  around  during  the  opera- 
tion, and  escape  reduction. 

Silver  can  also  be  deposited  clectrolytically,  but  this  method 
will  not  be  described  in  this  book,  for  it  offers  no  particular  advan- 
tages over  the  dctermiaation  as  silver  chloride  with  a  Gooch  cru- 
cible. 

Separation  of  Silver  from  Other  Metals. 
As  almojit  all  metal  chlorides*  arc  soluble  in  dilute  hydro- 

*  Tballium  chloride  ia  difficultly  soluble  in  water.  If  Uialliuia  in  preaenl 
the  silver  is  procipitatiMJ  froui  a  iiitrato  boIuUod  by  mcana  o(  ItjS,  ignited 
in  a  Btream  of  hydrogen,  and  wrighod  as  metal.  To  dct#nninc  th*  tluitliutn, 
the  liltnit«  ia  evaporated  to  do'nc&t,  the  residue  dissolved  in  a  little  wal«r 
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cUoxk  acid,  SLver  is  separated  from  the  other  metals  by  the  addi- 
ticHi  of  hydrochloric  acid  to  the  solution.  If  the  solution  contains 
meiruroua  .salts  these  are  oxidized  before  the  addition  of  the 
hydrochloric  acid  by  boiling  with  nitric  acid. 

For  the  separation  of  silver  from  gold  and  platinum  in  alloys 
consult  pages  259  and  270. 

and  tbe  thallium  pradpiUted  by  the  addition  of  potMsium  iodide.  The 
thalliiim  iodide  precipitate  ia  washed  irith  dUute  potaniuin  iodide  solutkn, 
a^tk  with  aloobol.  diied  at  150°  and  wughed  aa  TIL 


UYDIlOCIiLORIC,  HYDROBROMIC.  HVDRIoniC.  HYDROCYANIC, 
IIYDUOFEKROCVANIC,  HYDRUFEKIUCYANIC,  SULPHOCY- 
ANIC,  AND  HYPOC'HLOROUS  ACIDS. 

Hydrochloric  Acid,  HCI.    Mol.  Wt.  36.47. 
Form:  Silver  Chloride,  AgCl. 

We  can  distinguish  betwet-n  two  cases; 

A.  The  chhirtile  soUition  U  present  either  as  free  hydrochloric 
acid  or  as  a  chlori<le  soluble  in  water. 

\i.  It  is  prescut  la  the  fufia  of  an  iuaolublo  chloiidG. 

A.  The  Chloride  is  Present  in  Aqueous  Solution. 

If  only  mptals  of  tlie  alkali  or  alkaline  earth  groups  arr  present, 
the  cold  solution  is  made  slightly  acid  with  nitric  acid,  and  silver 
nitrat*^  is  slowly  add^d  wilh  constant  stirrinp  until  thn  precipitate 
coUccta  logeiher  and  fiirlher  addition  of  the  reagent  products  no 
more  prceipitatioii.  The  liquid  is  now  heated  to  boiling,  the  pro- 
cipitale  allowed  to  seltk'  in  the  dark,  filtereil  thnmph  a  Gooch 
crucible,  and  then  treated  exactly  as  described  in  the  determina- 
tion of  silver,  page  317, 

If  the  aqueous  siilution  contains  a  cliloritle  of  a  heavy  mcita!, 
it  is  not  always  possible  to  follow  the  above  procedure.  If,  for 
example,  substances  are  prcoeiit  which  on  boiling  are  changed  to 
insoluble  basic  salts,  it  Is  evident,  thai  the  precipitate  of  silver  chlo- 
ride would  bo  contaminated  with  these  substances  and  too  high 
results  would  be  obtained.  This  is  particularly  true  of  stannic 
and  ferric  salta.     Ferrous  salta,  on  the  other  hand,  in  case  only  little 
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nitric  add  is  present,  reduce  silver  nitrate  to  metallic  silver  on 
heating  the  solution;  if  enough  nitric  acid  is  present  to  prevent 
the  reduction  to  silver,  the  danger  of  forming  basic  salts  still 
remains  to  be  feared.  In  such  cases  the  precipitation  is  effected 
as  before  from  a  cold  solution  and  the  subsequent  heating  is 
omitted. 

In  all  cases,  however,  it  is  better  to  first  remove  the  heavy 
metal  by  precipitation  with  ammonia,  caustic  soda  or  sodium 
carbonate. 

Exam-pie :  Analysis  of  Commercial  Tin  Chloride. 

Tin  chloride  is  obtained  either  as  a  solid  salt  corresponding 
to  the  formula  SnCl,+5HjO,  or  as  a  concentrated  aqueous  solu- 
tion. 

As  both  the  solid  salt  and  its  concentrated  solution  are  very 
hygroscopic,  it  is  necessary  to  weigh  out  the  portion  for  analysis 
from  a  stoppered  vessel.    It  is  best  to  proceed  as  follows: 

A  large  sample  of  the  substance  (about  10  gm.)  is  placed  in  a 
tared  weighing  beaker,  closed  and  weighed.  About  10  c.c.  of  water 
are  added,  the  salt  is  completely  dissolved  to  a  homogeneous 
syrup  by  shaking,  and  the  beaker  is  again  weighed.  Four  more 
weighing  beakera  are  now  tared  and  into  each  is  placed  about 
2  c.c.  of  the  syrup.  Each  beaker  is  quickly  stoppered  and  then 
weighed. 

Determination  0/  Tin. — The  contents  of  one  of  the  weighing 
beakers  is  washed  into  a  400-500-c.c.  beaker,  diluted  to  about 
300  c.c.  and  a  few  drops  of  methyl  orange  are  added,  whereby  the 
liquid  is  colored  red.  Ammonia  solution  (free  from  chloride)  is 
now  added  imtil  the  color  of  the  solution  is  changed  to  yellow  (an 
excess  of  ammonia  must  be  carefully  avoided  for  tin  hydrox- 
ide is  somewhat  soluble  in  ammonia).  The  solution  is  then  treated 
with  ammonium  nitrate  (5  c.c.  of  concentrated  ammonia  exactly 
neutralized  with  nitric  acid,  sp.  gr.  1.2),  boiled  for  one  or  two  min- 
utes, filtered,  and  Trashed  with  water  containing  ammonium  nitrate, 
and  weighed  as  SnO,. 

Ddermination  of  Chlorine. — The  filtrate  from  the  tin  hydroxide 
precipitate  is  acidified  with  nitric  acid,  and  precipitated  in  the  cold 
with  silver  nitrate.    The  solution  is  then  heated  to  boiling  and. 
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after  the  precipitate  has  settled,  it  is  filtered  through  a  Gooch 
crucible,  washed  with  cx)ld  water  coataimag  a  Uttlc  aitric  acid, 
then  with  cold  water  or  alcohol,  dried  at  130*  C,  and  weighed. 
The  atnount  of  tin  and  chlorine  present  Is  computed  as  foUows: 

Weight  of  Solid  Sa]t=^. 

Weight  of  the  Solid  Salt 4- Water =B. 

Weight  of  the  Solution  taken  for  Analysis— a. 

Weight  of  the  SnOj  found=p. 

Weight  of  the  AgCl  found=p'. 

Since  B  gm.  of  the  solution  contain  ^4  gm.  of  the  solid  salt, 
then  the  amount  a  of  the  eolation  taken  fur  amUysis  will  contain: 

A-a 
x=-  -s-=  wt.  of  substance  taken. 
IS 

This  amount  of  aubataniiB  yielded  p  gm.  SnO„  corresponding 
to: 

SnO,:Sa-p:»' 


and  in  percentage: 


SnO, 
In  the  same  way  the  amount  of  chlorine  preoent  is  found  to  be: 

loogp^-g 
AicT  F^"^**^ 

This  analj-sjs  may  be  accomplished  much  more  rapidly  by  a 
volumetric  process.     (Consult  Vol.  Anal.) 

If  antimony  or  stannous  compounds  are  preecnt,  the  alwve 
procedure  cannot  be  used.  It  has  been  proposed  to  add  tartaric 
acid  to  the  solution,  then  dilute  with  water  and  precipitate  the 
chlorine  with  silver  nitrate.  It  is  better,  however,  to  proceed  as 
foUows:  The  antimony  is  precipitated  by  hydrogen  sulphide  as  its 
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nilphide,  the  «tc««  of  the  latter  is  removed  by  pA^n^  carbon 
dioxide  throrigh  the  solution,  after  which  the  precipitate  is  filtered 
and  washed.  The  filtrate  containing  all  the  chlorine  is  made 
slightly  ammoniacal,  a  little  hydrogen  peroxide  or  potassium  per- 
carbonate  ia  added  (both  reagents  must  bo  free  from  chloride)  and 
the  solution  boiled  until  the  excess  of  the  peroxide  is  destroyed. 
By  this  treatment  traces  of  hydrogen  sulphide  remaining  in  the 
aoIuUon  are  oxidixod  to  sulphuric  acid.  After  cooling,  the  solu- 
tion is  acidified  with  nitric  acid,  and  the  chlorine  determined  as 
silver  chloride  as  described  above. 

According  to  this  method,  chlorine  may  be  determined  in  the 
presence  of  large  amounts  of  hydrogen  sulphide  withemt  difhrulty. 

It  is  less  practical  to  proceed  as  follows:  The  i^'hiti'in  i^  satu- 
rated with  ammonia  and  the  hydrogen  sulphide  is  precipitated  by 
the  addition  of  ammonJacal  silver  nitrate  solution,  the  deposited 
silver  sulphide  la  filtered  off,  washed  with  ammonia,  and  tlic  silver 
chloride  precipitated  from  the  filtrate  by  acidifying  v>ith  nitric 
acid. 

B.  Analysis  of  an  Insoluble  Chloride. 

The  substance  is  Iwilctl  with  sodium  carl>onat<?  solution  *  (free 
from  chloride) ,  and  the  chlorine  determined  in  the  filtrate  as  before. 

Many  chlorides,  e.g.  silver  chloride,  many  minerals  such  as 
apatite,t  sodalitc,  and  rocks  containing  the  latter,  are  not  dcconv 
poAed  by  boiling  them  with  sodium  carbonate.  In  such  cases,  the 
snbAtanee  must  be  fused  with  sodium  carbonate. 

Silver  chloride  should  bo  mixed  with  three  times  as  much 
•odium  carbonate  and  heated  in  a  porcelain  crucible  until  the 
mam  has  sintered  together  The  mta»  is  treated  with  water,  the 
inanluble  silver  filtered  off,  and  the  chlorine  detcrmine^l  in  the  fil- 
trate as  under  (a). 

For  the  determination  of  chlorine  in  rocks,  1  pn.  of  the  finely- 

*  Merrurous  chloride  b  derompopcd  only  slowly  by  sodium  caH>onatc 
■oluttAn,  but  readily  acted  upon  by  potawuni  or  eodium  hydroxidp. 

t  According  u>  Jann&nrh.  rhiarine  tn  apatite?  may  h«  drtrnniricd  by  (rrat- 
ing  the  Goely  powdrred  mineral  vrith  nitric  acid  and  nlver  nitrate  on  the 
inrt«t^4MitK  EvprylhinR  ffrwa  into  aolution  wilti  lh«  excrptioo  of  liJwr 
ohloride,  which  ta  fi)t«>Tml  off  and  wHslird-  (Thin  dors  not  apply  to  a  sample 
Df  apatite  eontaiiiinat'd  with  «iliira  or  aUicatos.) 
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powdered  material  is  Tused  with  four  or  five  times  as  much  sodium 
carbonate  (or  with  a  mixture  of  equal  parts  sodium  and  potassium 
carbonates)  at  first  over  a  Bunseu  burner,  afterward  over  a  Teclu 
burner  or  the  blast-lamp.  The  melt  is  extracted  with  hot  water. 
After  cooling,  methyl  orange  is  added,  the  solutioa  is  acidified 
with  nitric  aeid  and  allowed  to  stand  overnight.  If  sifiric  acid 
has  precipitated  out  by  the  next  morning,  a  little  ammonia  is 
added,  the  solution  is  boilwl,  filtcretl,  and  washed  with  ln.t  water. 
The  cold  filtrate  is  acidified  with  nitric  acid  and  the  chlorine 
determined  as  above. 

If  there  is  no  separation  of  silicic  acid  on  acidifying  the  water 
extraction  of  the  fusion  with  nitric  acid,*  the  chlorine  is  precipi- 
tated at  once  from  the  cold  solution. 

Free  Chlorine. 

If  it  ia  desired  to  determine  gravi metrically  the  einount  of 
chlorine  in  a  sample  of  chlorine  water,  it  is  not  feasible  to  simplify 
add  silver  nitrate,  f»)r  all  of  the  chlorine  Is  not  precipitated  as  silver 
chloride;  a  part  of  it  remaiiLs  in  solution  as  soluble  silver  chlorate: 

3CU+  3H,0-f  5AgNO,=5.\ga+  AbC10,+  6HN0^ 

The  chlorine,  therefore,  must  be  chargml  to  hydrochloric  acid 
or  to  one  of  its  salts  before  attempting  to  i>recipitate  with  silver 
nitrate.   This  may  be  accompli«ho<l  in  several  ways: 

1.  A  definite  amounlof  the  chlorine  water  is  transferred  bv  moans 
of  a  pipetto  to  a  flask  containing  animoniji  and  after  mixing  the  solu- 
tion Is  heated  to  boiling.  After  cooling  the  liquid  is  acidifiid  with 
nitric  acid  and  precipitated  by  silver  nitrate.  The  ammonia  con- 
vert*? the  chlorine  partly  to  anunonium  chloride  and  partly  to  am- 
monium hypochlorite.  The  latter  is  decomposed  partly  in  the  cold 
and  quantitatively  on  warming  into  ammonium  chloride  and 
nitrogen: 

(«)  2\H40H+Cl2  =  NaiCI+NIl4ClO-l-H..O; 
(i)  3NH40Cl+2NH3=3U2O  +  X3+3N"ll4a 

*  AcconiiQK  '.o  W.  F,  UillKbrnnd,  there  U  no  separation  of  nlieio  add  to 
\m  (oiuvd  Truiu  1  ^u.  of  Xh»  sututaooe. 
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2.  TTie  chlorine  water  is  treated  with  an  excess  of  sulphurous 
acici,  the  solution  13  made  ammoniacal,  hydrogen  peroxide  is  added, 
and  the  liquid  boiled  until  the  excess  of  hydropen  peroxide  is  re- 
moverl.  After  cooling  the  solution  is  acidified  with  nitric  acid, 
diluted  with  water,  and  the  chlorine  precipitated  by  means  of  silver 
nitrate. 

3.  Th?  chlorine  water  is  treated  with  dilute  caustic  soda  solo- 
tion,  an  aqueous  solution  of  sodium  arsenite  is  added  (arsenic 
Irioxide  dissolve*!  in  sodium  carbonate)  until  a  drop  of  the  liijuid 
will  not  turn  a  piece  of  lodo-starch  paper  blue.  It  is  thru  acidi- 
fiisJ  with  nitric  acid  and  the  chlorine  precipitated  by  a  soluble 
nlvrr  salt. 

If  the  solution  cont'itns  both  free  chlorine  and  h>-drochloric 
acid,  the  total  chlorine  is  determined  by  one  of  the  above  methotia, 
whih  the  free  chlorine  is  determined  in  a  separate  sample  by  a 
volumetric  process  (see  lodimetry). 

Determination  of  Chlorine  in  ITon-electrolytes  (Organic 
Compounds). 

A,  Method  of  Carius.* 

Prineipte. — ^The  method  is  based  upon  the  fact  that  all  organic 
eompo-m  h  arc  deoo  ni>os?d  by  heating  with  concentrat/'d  nitric 
aeij  at  a  hi*h  temperature  und?r  pressure.  If  (he  substance  con- 
tiiru  halogen,  sulphur,  ph(>t)j)h(irus,  or  arsenic,  it  is  first  set 
free  as  such,  hut  on  account  of  the  reducing  actiim  of  the  nitrous 
acid  formed  it  is  then  changes)  over  into  its  hydropen  ron  pound. 
The  lalter,  however,  is  partly  oxidizeitl  by  the  nitric  aci<i.  TTie 
reaction  is  thfrrfure  a  reversible  one.  If,  on  the  other  hcnd,  the 
Bubstanm  is  heated  under  the  same  conditions  with  nitric  acid  in 
the  presence  of  silver  nitrate,  the  halogen  hydridi;  is  convertr*]  into 
fulvf-r  hilide  as  fast  as  it  It  formed  and  the  haln[;en  is  in  this  case 
quantitatively  changed  into  its  silver  salt.  Sulphur,  phnsphonis, 
and  arsenic  are  oxidized  in  tlie  same  ivay  to  p\ilphuric,  phosphoric, 
and  arsenic  acids  and  any  metals  present  fnnn  nitrates. 

•  Ann.  d.  Chrm.  u.  PhwiiL  (1865).  ISO,  p.  13D,  uid  Zdt.  t  anal  Chop 
4,  p.  lAl. 
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Procedure  tor  the  Hahgen.  DetermiruUion. 

A  glass  tube  made  of  difliculUy  fusible  gla«s  (about  50  cm. 
locjg,  2  cm.  in  diameter,  with  walls  about  2  mm.  thick)  is  sealed  at 
one  emi,  thorougWy  cleaned  and  dried  by  sucking  air  tlirough  it. 

About  0.5  gm.  of  powdered  silver  nitrate  (or  in  the  case  of 
substances  rich  ia  halogen  as  much  as  1  gm.  may  be  u»ed)  is  trans- 
ferred to  the  tube  by  pcurijig  the  powder 
I  in      I  .9        I       through  &  cylinder  made  by  rolling  up  a 

■  ifl      >'  piece  of  glazed  p&pcr  and  shoving  the  paper 

in     lit  I       /  t    ""^   ^^^^   ''"^   ^"**^  ^'  reaches  about   the 

■  l  I  i!  I  middle  of  it.  About  40  c.c.  of  pure  nitric 
acid  (sp.  gr.  1.5)  free  from  chlorine  are 
poured  into  the  tube  Uirough  a  funnel 
whose  stem  is  about  40  cm,  long.  In  this 
way  only  the  lower  half  of  the  tube  is  wet 
with  the  add.  The  lube  is  then  int-Uned 
to  one  side  and  from  0.15-0.2  gnu  of  the 
substance  contained  in  a  small  gUiss  tube 
closed  at  one  end  ia  iutro{lucod  into  it  (this 
smaller  tube  should  be  about  5  cm,  long 
and  5  mm.  wide).  As  soon  as  the  tube 
containing  the  sulistance  has  reached  the 
acid,  it  remains  sus]jended  (Fig,  53,  a).     It 

is  very  important  that  the  substance  should  not  come  in  contact 
with  the  acid  before  the  tube  is  closed  at  tlie  upjier  end,  as  other- 
wise there  is  likelihood  of  some  halogen  escaping. 

The  upper  end  of  the  tulje  is  now  heated  very  cautiously  in 
the  flame  of  the  blaat-lam|>  until  the  tube  Wgins  to  soften  and 
tlucken  (Fig.  53,  b).  It  is  then  drawn  out  into  a  3-5  cm.  long, 
thick-walled  capillary  and  the  end  fused  together  (Fig.  53,  c). 

After  the  tulje  has  become  cold,  it  is  enveloped  in  asbestos 
paper,  carefully  shoved  into  the  iron  mantle  of  a  "bomb  furnace/' 
and  gradually  heated.  Alipliatic  substances  are  usually  decom- 
posed by  heating  four  hours  at  150-200"  C;  sutwtancps  of  the 
aromatic  series  usually  require  from  eight  to  teji  hours'  heating  at 
250-300^  C,  while  in  some  cases  an  even  longer  hcatmg  at  a  higher 
temperature  is  necessary.    The  time  and  temperature  must  b» 
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found  out  fnr  each  substance  by  experiment.  The  decomposition 
is  complete  when  on  cooling  tho  contenta  of  the  tube  neither 
crystals  nor  drops  of  oil  are  to  bo  recognized.*  The  heating  is  so 
regulated  that  after  three  hours  the  temperature  of  about  200°  C. 
la  reached,  after  three  hours  more  250-270°  C,  and  finally  after 
another  three  hours  a  temperature  of  about  300°  C.  is  attained.) 
After  the  heating  is  finished,  the  tube  is  allowed  to  cool  com))lt  U>ly 
in  the  furnace,  the  iron  mantle  togetlier  with  the  tube  is  thpn 
removed,  and  by  slightly  inclining  the  mantle  the  capillary  of  the 
tube  ia  brought  out  into  the  oix-n  air.  In  most  cases  a  drop  of 
liquid  \idll  be  found  in  the  point  of  the  latter.  In  order  not  to  loao 
this,  the  outer  point  of  the  capillary  is  carufully  heated  with  a 
free  flarae,  and  by  this  means  the  liquid  is  driven  back  into  the 
other  part  of  the  tube.  Tho  point  of  the  capillary  is  now  more 
strongly  heated  %  ""*il  the  glass  softens,  when  it  will  be  blown  out 
in  consequence  of  the  pressure  within  the  tube.  The  gas  escapea 
with  a  hissing  sound.  WTien  the  contents  of  the  tube  are  at  the 
atmospheric  pressure,  a  scratch  is  made  upon  it  ■ftith  a  file  just 
betowthocapillary,  and  this  is  touched  with  a  hot  glaas  rod,  whereby 
^e  tube  usually  breaks  and  the  upper  part  can  be  removed.  Tho 
contents  of  the  tulie  are  tlicn  cart^fully  pniired  into  a  fairlj'  largo 
beaker  without  breaking  the  little  tube  in  which  the-  substance  was 
weighed  out,  and  the  inner  part  of  tho  tube  as  well  «8  i1s  capillary 
is  washed  out  with  water.  The  litpiid  in  tho  beaker  is  diluted  to 
about  300  c.c.  and  heated  to  boiling,  .\fter  cooling,  the  insolublo 
silver  halide  is  filtered  off  through  a  Gooch  crucible,  and  after 
washing  and  drying  at  130°  C.  its  weight  is  deteruiined. 

If  it  is  thought  that  the  precipitate  is  contaminated  by  frag- 
nenta  of  broken  glaas,  ax  ia  often  the  case  even  with  careful  work, 
the  clear  liquid  is  decanted  through  a  filter,  tho  residue  waehed  by 

*  Somvlimra,  with  ■utistanc^'A  net)  in  sulphur,  cfyatolaof  niuosyl  nilphurlo 
■dd  arc  (orm«d  and  adhrra  to  the  sidra  of  tlir  %vX»..  TIii;y  are  vwAj  diatln* 
guished  from  cr>iFtaIfl  ol  the  undccompoaed  eubgtancv. 

t  Surh  a  hii;h  pressure  is  ofum  atlalni^d  that  tho  tuhe  bursts  as  sonn  as  \i 
)•  h«it«d  very  hot.  In  such  casm  it  nhould  be  h«Bted  to  only  2<W  C,  allowtd 
to  rixil,  the  rapill&ry  opened  and  the  g&a  set  free.  It  iis  then  fused  together 
aitain  and  hcatod  to  tho  desired  temperaturR. 

2  Before  beating,  tin  tube  oiid  thu  luiud  should  be  wrappect  in  a  towel  (o 
avflid  aoodsnti. 
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decantalvon  with  very  dilute  nitric  acid  to  the  disappearance  of 
the  5iJver  reaction,  and  the  residue  (except  when  It  is  eilver  iotUdt) 
is  dissolvctl  ill  warm  animoiiia  water.  The  Bolution  is  fdtered 
through  the  sanie  filter,  but  the  filtrate  is  this  time  collected  in  a 
fresh  beaker.  After  waslmig  tlie  filter  with  dilute  ammoaia,  the 
Iiltrat<;  is  acidified  with  nitric  acid,  heated  to  boiling,  aiid  after 
allowing  the  silver  chloride  or  bromide  to  settle  in  the  dark,  it  is 
filtered  through  a  Gooch  crucible,  dried  at  130°  C,  and  weighed. 

In  the  case  of  silver  iodide,  it  cannot  be  dissolved  in  aninionia 
and  in  this  way  separated  from^  splintore  of  glass.  In  this  cuse  the 
Bulistancc,  together  with  the  glass,  is  filtered  through  an  ordinary 
washed  filter  (not  a  Gooch  crucible),  completely  washed  with  dilute 
nitric  acid,  tlien  once  with  alcohol  in  order  to  remove  the  nitric 
add,,  and  dried  at  100°  C.  As  much  of  the  precipitate  as  possible 
is  transferred  to  a  watch-glass,  the  fdtex  bunicd ,  and  its  aah  placed 
in  a  waghed  porcelain  crucible.  A  little  dilute  nitric  acid  is  added 
^  order  to  change  any  reduced  t^ilver  into  the  nitrate),  the  liquid  is 
evap'.'ratcd  on  the  water-bath,  a  few  drops  of  water  and  a  drop  of 
pureliydriodic  acid  are  added,  and  the  contents  of  the  crucible  are 
again  evaporated  to  dr\'ness,  wlien  the  main  part  of  the  precipitate  is 
added,  healed  until  it  Iiegins  to  fuse,  and  then  weighed.  The  mass 
in  the  crucible  is  then  covered  with  pure  dilute  fiiilfihuriciicid,  a 
piece  of  chemically  pure  zinc  is  added,  and  the  crui:ible  allnwetl  to 
stand  overnight.  After  this  time  the  silver  iodide  will  he  com- 
pletely reduced  to  raetallic  silver.  The  zinc  is  rejiiovcd,  and  the 
rcffldue  washed  by  decanting  several  times  with  water  until  the 
iodine  reaction  can  no  longer  be  detected.  Tlie  residue  is  then 
warmed  with  dilute  nitric  acid  upon  the  water-bath,  in  order  to 
dissolve  the  ralver,  the  solution  is  filtered  through  ^  small  filter; 
and  the  latter  is  washed  with  water  and  dried.  This  filter  is  ig- 
nitL^l  in  a  crucible  and  the  residue  (the  gWv)  is  weighed.  Tliia 
second  weight  deducted  from  the  fonner  gives  the  amount  of  silver 
iodide  present. 

Tliis  method  is  also  suitable  for  obtaining  lead  and  mercury 
from  nrganio  compounds  in  a  form  wliich  can  be  precipitated  by 
hy<lrogpn  sulphide. 

The  method  of  Carius  is  by  far  the  best  for  the  determination  of 
halogens  in  organic  substances  when  only  one  of  the  halogens  is 
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present.     !f  two  or  throe  of  them  arc  proaent  at  tho  same  time. 
the  "  limo  metliod  "  ia  to  he  preferroj. 

The  Lime  Melhtd. 

Into  a  glass  tiihe  made  of  difficviltly  fusible  glass  (about  40  cm. 
long,  1  cm.  wide  aud  closed  at  one  cud),  a  layer  of  lime  (freo 
from  chlorido)  from  5  to  6  cm.  Itmg  is  inlnnliicrd,  then  about  O.S 
gm.  of  5iu1)stanco,  and  finally  5  cm.  more  of  lime.  The  substance  is 
then  mixe«i  thoroughly  with  the  lime  by  means  of  a  copper  wire 
whose  end  is  wound  into  a  spiral.  The  tube  h  nearly  filled 
with  lime,  place<l  on  its  side,  and  gently  tapped  so  that  a  small 
canal  is  formed  above  the  lime.  The  tube  is  then  place<l  in  a  small 
combustion  furnace  (cf. Carbon)  and  heated.  First  of  all  the  front 
end  of  the  tube,  free  from  substance,  is  heflte<l  tn  a  dull  redneea, 
then  the  back  end,  anrl  afterward  the  other  bumcnt  are  liKhted  one 
ftfteranotheruntil  finally  the  whole  tuljc  is  at  a  dull-red  heat.  After 
cooling,  the  contents  of  tlie  tube  arc  transferred  to  a  large  beaker 
and  the  lime  dissolved  in  dilute  nitric  acid  free  from  chlorine.  Tho 
carbon  is  Bltcred  off,  and  thchalogen  precipitated  with  silvernitrate. 

If  the  lime  contains  calcium  sulphate,  this  is  redueed  to  sul- 
phide, so  that  some  silver  aulphide  U  likely  to  be  precipitated  with 
tho  silver  halide.  In  this  case  the  solution  is  treated  with  hydrogen 
peroxide  (free  from  halogen)  before  enougli  nitric  acid  ha.-*  been 
addeil  to  make  the  solution  acid,  the  liquid  is  boiled  to  remove 
the  excess  of  the  reagent,  then  acidifie<l,  fdtcred,  and  precipitated 
with  silver  nitrate.*  In  the  analysis  of  substances  nch  in  nitro.::^'n, 
it  is  pcatible  that  some  soluble  calcium  cyanide  will  be  formel. 
In  this  caae  care  must  be  taken  that  the  silver  precipitate  con- 
tain-*  no  silver  cyanide  (cf.  Separation  of  Cyanogen  from  Chlorine- 
Bromine,  and  Iodine,  p,  339). 

HYDROBROHIC  AciD,  HBr.     Mol.  Wt.  80.93. 
Form:  Silver  Bromide,  AgBr. 
Hyilrobroniic  arid  is  det^^Tinineil  exactly  the  same  as  hydro- 
chloric arid.     This  is  aUo  true  of  tho  determination  of  free  bro- 
mine, and  bromine  in  non -electrolytes. 

•  W.  UilU  (Chem.  Ztg. ,  11H)3.  Kep.  112).  aepunilcii  the  baliJes  frwin  milphide 
by  IroiktiuK  the  prcciplLiu-d  nilvor  siUUt  with  an  ammoniucaJ  sodium  thiosul' 
phate  solutioa,  vhtmhy  the  silver  bnlido  gne«  iato  mluiion,  from  which  the 
ttlvcr  i«  procipitatcJ  u  tiilver  sulphide,  by  adding  uamouium  sulphide,  and 
•wwctDined  aa  lilver. 
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Hydriodic  Acid,  HI.    Mol.  Wt.  127.93. 

Forms:  Silver  Iodide,  Agl,  and  Palladous 
Iodide,  Pdl,. 

(a)  Dtttermiimtion  as  Silver  Iodide, 

The  determination  of  hydriodic  acid  is  carried  out  In  exactly 
the  same  way  as  the  analysis  of  hydroeliloric  acid.  H  it  is  de- 
sired to  filter  the  silver  iodide  through  an  ordinarj'  washed  filter 
instead  of  through  a  Cooch  crucible,  the  proceduru  describwl  on 
p.  y2S  is  used,  converting  tho  reduced  metal  to  iodide  by  dissolv- 
inf;  in  nitric  acid  and  adding  hydriodic  acid.  In  case  there  is  no 
hydriodic  acid  at  one's  disposal,  th^  main  portion  of  the  pi-edpitate 
U  placed  in  a  weighed  porcelain  crucible  and  heated  until  it  Ijcgina 
to  melt  and  then  weighed.  Tlie  filter  ash  is  placed  in  another 
crucible,  and  treated  with  nitric  and  hydrochloric  acids,  whereby 
the  silver  and  any  unreducod  iodide  are  changed  to  silver  chloride. 
The  silver  chloride  is  weighed  and  the  cquivalejit  amount  of  silver 
iodide  is  added  to  the  weight  of  the  main  part  of  the  precipitate. 

Example. — Suppose  a  grains  Bubstaiite  gave  p  grams  silver 
iodide  and  y'  grania  silver  chloride,  tlien 

AgCl:AgI-p':a:, 
AgCl''- 

Wc  have,  therefore,  in  o  grams  gubstaneftp+-T^p' grams  silver 

iodide,  and  the  amount  of  iodine  present  may  be  calculated  in  the 
usual  manner. 

(6)  Dcterminaiion  as  PalUidous  Iodide. 

This  important  method  for  the  separation  of  iodine  from 
tnomine  uud  chlorine  is  carded  out  as  follows: 

The  solution  is  acidified  with  hydrochloric  acid,  and  palladous 
chloride  solution  ia  added  until  no  more  precipitate  is  formed. 
After  standing  one  or  two  days  in  a  wami  place,  the  brownish- 
black  precipitate  of  paliudous  iodide  is  filtered  through  a  Gooch 
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crucible,  or   through  a,  tared  filter  that  has  been  dried  at  100*  C, 
washed  with  wann  water,  dried  at  100°  C,  and  weighed  as  Pdl,. 

According  to  Rose,  the  Pdlj  may  be  changed  to  ijalladium  by 
igniting  in  a  current  of  hydrogen,  and  from  tlie  weight  of  the  palla- 
dium the  amount  of  iodine  calculated. 


SEPARATIOH  op  the  HALOGEHS  from  OITE  AlTOTHER. 
I.  Separation  of  Iodine  from  Chlorioe. 

(o)  The  PaiUidoM  Iodide  Method. 

The  iodine  is  determined  aa  above  as  pnlladous  iodide,  and  in  a 
second  sample  the  sum  of  the  chlorine  and  iodine  is  detcimined 
from  the  weight  of  their  ioHoluble  silver  salts. 

(p)  Method  oj  Gaock. 

This  method  depends  upon  the  fact  that  in  a  dilute  eolution  ol 
the  three  halogens,  nitrous  acid  seta  free  iodine  alone: 

2KI+2KNO,-f4H^S0.=»4KHSO.+2NO+2H,O+I,. 

which  escapes  from  the  solution  on  boiling.  In  one  sample,  there- 
fore, the  halogens  are  precipitated  together  in  the  form  of  their 
silver  salts,  in  a  secontl  sample  the  amount  of  the  chlorine  is  deter- 
mine(i  after  setting  free  the  io<Iine  by  means  of  nitniua  acid,  and 
the  amount  of  iodine  determined  by  difference.  In  order  to  obtain 
correct  results  by  this  method,  the  solution  must  be  very  dilute 
when  it  is  boiled  to  expel  the  iodine;  otherwise  aome  chlorine 
escapee. 

/"roccrfjirt.— The  mixture  of  tlic  halogen  salts  {alwut  0,5  gm. 
of  the  substance  should  be  dissolved  in  600-700  c.c  water  in  a 
liter  flask)  is  treated  with  2-3  c.c.  of  dilute  sulphuric  acid, 
0.5-1  gm.  of  solid  potassium  nitrite  (free  from  halogen)  is  added, 
and  the  solution  Ik  boiled  until  entirety  colorless;  in  most  cases  this 
Sa  accomplished  in  about  three-cjuarters  of  an  hour.  The  contents 
of  the  flask  are  now  treated  with  silver  nitrate  solution,  and  the 
multing  precipitate  is  allowed  to  settle.  It  is  filtered  through  a 
Gooch  crucible,  and  weighed. 
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(c)  Method  of  Jammscb* 

Jannasch  proceeds  in  exactly  the  same  way  as  Gooch,  but  in- 
siead  of  letting  the  iodine  escape,  he  co1]e<.'t«  m  it  a  mixture  of 
caustic  soda  and  hydrogen  peroxide,  whereby  it  ia  transformed  to 
sodium  iodide  and  is  subsequently  deterniined  as  silver  iodide. 
In  the  other  solution  the  chlorine  is  determined  in  the  usual  way. 

Procedure. — The  solution  contaiiiiiig  the  two  halogens  is  placed 
in  a  1  J-liter  round-bottomed  flask  and  diluted  to  a  volume  of  000-700 
e.c.  Like  a  wash-bottle,  tliis  flask  is  provided  mth  one  glass  tube 
reaching  to  the  bottom,  thmugli  which  vapor  can  be  conducted 
into  the  flask,  and  with  another  shorter  tube  for  the  esciipc  of  gas. 
This  second  tube  is  connected  with  an  Erlenmeyer  flask  for  a  re- 
ceiver, and  this  is  in  turn  connei-tod  with  a  Pi^hgot  tube.  About 
50  p.e.  of  pure  fj  per  cent.  cau.stic  soda  solution  are  placed  in  the 
Erlenmeyer  flosk,  an  equal  volume  of  hydrogen  peroxide  free  from 
chlorine  is  added,  and  the  mixture  coolwE  by  surrounding  the  flask 
with  ico  or  snow.  The  P^ligot  tube  is  likewise  fillwl  with  a  suitable 
amount  of  caustic  soda  and  hydrogen  peroxide.  From  5-U)  c.c. 
of  dihite  sulphuric  acid  (1:5)  and  10  c.c.  of  10  per  cent,  sorlium 
nitriie  solution  are  now  adilcd  to  the  solution  containing  the  halo- 
gens, the  flask  is  immwiiatoly  closfvl.and  the  contents  of  the  flask 
are  heated  over  a  fref  flame  wlulc  water  v.ipnr  is  at  the  same  time 
conducted  into  it.  As  soon  as  the  liquid  be^ns  to  boil,  the  space 
above  is  filled  with  violet  vapore  of  iodine,  which  are  gradually 
driven  over  into  the  Erlcnmoyer  flji.sk,  where,  with  evolution  of 
oxygen,  tliey  are  completely  absorbetl  by  the  hydrogen  peroxiile 
solution.  The  iodine  is  cbangetl  into  sndinm  iodide  and  sodium 
hypoiodite  by  means  of  the  dihitc  alkali ; 

Ia+2NaOH  =  NaH-Na]0+H20. 

The  sodium  hypoiodite,  however,  is  reduced  by  the  hydrogen 
peroxide  to  sodium  iodide: 

NaI0+Hi02  =  H2O+O2+NaI. 

When  all  the  iodine  is  driven  over  into  the  receiver  (which  ia 
alwaj's  the  case  after  the  s^ohiticm  in  the  fliisk  has  l>ecome  colorlesa 

*  Z<!it,  filr  anorg.  CUcm.  I,  p.  144,  urn!  Pmkt.  LciL  tier  Gun-ichts-onnlyae, 
p.  182  d  »eq. 
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and  lias  been  boiled  for  twenty  minutes  longer),  the  delivery-tube 
between  the  (liBlillitig-dask  and  the  Krlenineyer  flask  is  removed, 
the  lii|uicl  within  it  is  washed  with  hot  water  into  the  Erlennieycr 
and  the  current  of  steatn  Lb  stojifwd.  'Die  contents  of  Uie  P^Ugot 
tubearoa<l(led  to  Uie  Erlcnnieyer  flii^k  uiid  the  solution  heated  to 
boiling  in  order  to  remove  the  excess  of  hydn^Ren  peroxide.  After 
cooling,  the  liquid  is  acidified  with  a  Utile  sulphuric  acid;  this  always 
causes  a  yellow  coloration  due  to  free  iodine.*  The  solution,  there- 
fore, is  treated  with  a  few  drops  of  sulphurous  acid,  whereby  it  is 
completely  decolorized.  An  excess  of  silver  nitrate  and  a  little 
nitric  aciil  arc  then  added,  the  liquid  is  boiled,  and  the  silver 
iodide  filtered  through  a  Cooch  crucible  and  weighed. 

For  the  chlorine  determination,  the  contents  of  the  diatilling- 
Eask  are  transferred  to  a  beaker  and  the  clilorine  detennined  as 
silver  chloride. 

Rrmark. — This  method  has  been  carefully  tested  in  the  author's 
laboratory  by  O.  }irunner.  and  in  the  above  form  has  been  found 
to  give  very  exact  results. 

Jannasch  recommends  a  slightly  difTerent  procedure.  He 
adds  silver  nitrate  directly  to  the  alkaline  solution  in  the  Erlen- 
nieycr flask.  In  this  way  accurate  results  arc  obtaineil  provided 
there  is  no  iodatc  formed  by  the  absorption  of  the  iodine.  In 
the  latter  case,  due  to  insufficient  cooling  of  the  contents  of  the 
receiver,  the  addition  of  silver  nitrate  re9uh.s  in  the  fonnation  of 
8ome  silver  iodatc,  and  thia  amount  of  iodint  escapes  detennination, 
for  silver  iodatc  is  soluble  (though  difTiciiitly  so).  In  such  cases 
the  rcsiilts  obtained  arc  too  low.  If  thr  sohuion  is  acidified,  how- 
ever, the  presence  of  the  iodatc  w  shciv\-n  by  the  .separation  of  a 
little  iodine,  and  this  can  be  changed  by  sulphurous  acid  to  iodide, 
and  accurate  result't  will  be  obtained. 


•  If  Ihfl  above  dirccCjoiw  nre  elowly  followed,  there  sliniiltl  no!  be  much 
sepaTBtioo  of  iodin«.  [t  may  be  cAUScd  by  the  protCDCC  of  a  smAll  amoiuit 
of  iiitrcHis  aoid  which  ii  not  oxidiied  to  oilrir  aciil  by  hydniKen  (xvoxiiJe;  or, 
if  the  contents  of  tbu  Erkami-ypr  RmIc  ar-  not  kvpt  cuol,  appr^ciabk-  amouato 
of  aodium  iodat«  (NalOi)  arc  formod,  anil  tbc  bitor  is  aot  reduced  by  bydru- 
glBB  petoxide.  In  X\\a  com:  llioro  'u  a  su|Nimtiun  uf  a  ooDaiderablo  amount  of 
iodtoe  on  acidifyinR  th<>  nolution,  by  Uui  addition  of  sulphuroiu  aoki  diooges 
h  to  kxlidc  witbout  kMS. 
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Determination  of  the  Halogens  hy  Indirect  Analysis. 

(a)  DeiermiTmtion  of  Bromine  logeiho"  with  Chlorine. 

Principle. — In  this  method  Uie  sum  of  l.ho  weights  of  the  silver 
Baits  of  the  two  hulogetis  is  first  detennineU  and  afterwards  the 
silver  bromide  converted  to  silver  chloride  by  heating  in  a  current 
of  chlorine. 

Procedure. — The  solution  containlnB  alwut  0.5  gm.  of  the 
halogen  salt  is  acidiHeil  with  a  litilu  nitric  acid  (free  fmtn  rhlorine) 
and  preci|;ilatGd  in  the  cold  by  the  aditiiion  of  a  slight  excess  of 
silver  nitrate.  The  liquid  is  heated  to  Imiling,  with  frequent  stir- 
ring, and  after  cooling  again,  the  precipitate  is  filtered  tlimiigh 
a  15  cm.  long,  ashcatos  fdter-tube  made  of  di(fi<Millly  fusible  glass. 
The  precipitate  is  dried  at  150**  C.  and  weighed  after  cooling. 

For  the  transformation  of  the  bromide  into  chloride,  the  asbe**- 
tos  is  shoved  forward  a  little  in  the  tube  by  means  of  a  glass  rod 
(in  order  that  the  gas  may  pass  through  it  more  readily),  the  tube 
is  fastened  in  a  slightly  inclined  position,  and  a  current  of  dry 
chloriDc  gas  is  passed,  through  it.  At  the  same  time  the  tube  is 
heated  cautiously  by  moving  a  small  flame  hack  and  forth.  During 
the  first  half  hour  the  precipitate  should  not  be  heated  hot 
enough  to  melt  il;  finally,  however,  the  temperature  is  raLiipd 
until  it  begins  to  melt,  after  which  the  clilorine  is  replaced  by  air, 
and  after  cooling  the  residue  is  again  weighed. 

If  p  represents  the  combined  weight  of  the  two  silver  salts, 
and  q  the  weight  after  the  silver  has  been  completely  changed 
to  chloride,  then 

AgQ      AgBr 

1.  *    +    y    -  p 

2.  X    +  my  -q  (AgQ) 

and  from  this  it  follows: 

In  this  equation  m-^^^=0.7G33. 

If  this  value  is  substituted  in  equation  (3),  we  obtain 
CAgBr)r/=4.224(p-3) 
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and 

(AgO)  i=p-y 

from  which  the  amount  of  bromine  and  chlorino  may  be  calculated. 

(bj  Dderminaiian  of  Iodine  together  tinth  Chlorine. 

Tho  same  procedure  is  used  ns  above  doscribcd 
If  p  rcprosents  the  wvight  of  silver  iodide+silver  chloride  and 
q  the  weight  after  the  silver  has  been  converted  to  chloride,  then 

AeQ     Afil 

1.  X  +    y  -  p 

2.  I  +  my  =  g  CAgCl) 


and  from  this  it  follows: 
3.y 


m< 


Agl 


(.P-q) 

=0.6105. 


and 


If  thia  valuQ  Is  substituted  in  equation  (3),  we  obtain 
(AgCl)  x  =  p-y. 


(c)  DeiermiruUion  of  Bromine  in  the  Presence  of  lodint. 

In  tliis  case  p  reprraents  the  weight  of  the  silver  bromide  and 
silver  iodide,  and  q  as  befum  the  corresponding  weight  of  silver 
chloride: 

Agl    Aglir 

1.  X  -f-    y  -  p 

2.  mx  +  ny  =   g(AgCl) 


and 


in  whien 


it,  x— p 0, 


TO-^-0.6105     and    n-^ -0.7633. 
Afil  AgBr 
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If  thrsp  valups  for  m  and  n  are  siibstituU^d  in  equation  (3), 
we  obtain 

(AgT)  «-4.9d6p-6.54o.5 
and 

(AgBr)  y=p-x. 

id)  DsUrmivalwn  of  Iodine,  Bromine,  and  Chlorine  in  the  Preanux 

of  One  Another. 

In  one  portioTi  of  the  substancp  tlie  total  weight  (P)  of  the 
halogen  salts  is  dcNrtniiicil.and  thtu  is  f  hanged  over  inio  cliloride 
whose  wt'i^lii  (Q)  KSdhtaiiiod.  hiasccmul  jM)rti(itKif  Ihrsuhstancc, 
the  ioiJine  in  deU^miined  as  palladoiis  iodide,  whose  wti^lit  is  (0- 

If  (I)  in  muHi|i]if'il  hy  1.303,  the  corresponding  weight  uf  sUvtr 
iodide  is  ohtained  (p). 

If  (p)  is  fliibtracteci  from  (P),  the  Kum  of  the  wrif^hts  df  the 
silver  bromidp  and  silver  nldorido  m  r)l»(airic-d  (P—p). 

Again,  if  (£)  in  miilti]died  Ii_v  0.71)51,  thi^  i-orretn-iiiindinR  weight 
of  silver  chlnriihi  is  olitaiiin<l  (q),  and  if  this  is  subtracted  frmi  (Q), 
the  anifiiint  of  silver  ehliirido  iQ—q)  will  be  obtained  wliirh  rorre- 
spondfl  to  tho  amount  that  would  be  obtained  from  (he  Wfight 

CP-P). 

If,  then,  the  amnimt  of  silver  cbUmde  is  designated  by  x  anj 
the  amount  of  silver  bromide  by  t/,  wo  have: 


Aga 

I.X  + 


AfiHr 

y  -=  (P-P) 

2.  x  +  mtj-(Q~fi) 


from  which  follows  frt>m  p;  334,  (a) : 


and 


(AgBr)  sf=»4.22IUP-p)-(0-g)l 
(AffCT)  r=CP-p)-y. 


Instead  of  detemiininp  the  iodine  as  palladoue  iodide  it  may 
be  removed  as  on  page  331,  b,  by  treatment  with  nitrous  aeid 
■nd  the  weight  of  the  silver  bromide  +  silver  chloride  obtained. 
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The  amount  of  chlorine,  bromine,  and  iodme  follows  from  the 
above  calculation. 

For  the  determination  of  bromine  and  iodine  volumetrically 
cODBult  Part  II,  lodimetry. 

Hydrocyahic  Acid,  HCN.    Mol.  Wt.  27.02. 

Forms:  Silver  Cyanide,  AgCIT,  and  Metallic 
Silver,  Ag. 

Free  hydrocyanic  acid  as  well  as  the  cyanides  of  the  alkalies 
and  alkaUne  earths  are  decomposed  quantitatively  by  silver  nitrate 
with  the  formation  of  insoluble  silver  cyanide. 

If,  therefore,  it  is  desired  to  determine  gravimetrically  the 
amount  of  cyanide  present  in  an  aqueous  solution  of  hydrocyanic 
acid  or  of  an  alkaline  cyanide,  the  cold  solution  is  treated  with  an 
excess  of  silver  nitrate,  stirred,  a  little  dilute  nitric  acid  is  added, 
the  precipitate  allowed  to  settle  and  it  is  then  filtered  through  a 
weighed  filter,  dried  at  100°  C.  and  weighed.  To  confirm  the 
result,  the  silver  cyanide  is  placed  in  a  porcelain  crucible,  the  filter 
burned  in  a  platinum  spiral,  its  ash  added  to  the  main  portion 
of  the  precipitate,  and  the  contents  of  the  crucible  ignited,  at 
first  gently  and  finally  until  the  silver  begins  to  melt;  it  is  then 
weighed. 

By  the  decomposition  of  the  silver  cyanide,  difficultly  volatile 
paracyanide  is  formed,  but  this  is  gradually  burned  away  by 
igniting  the  contents  of  the  open  crucible. 

Example:  Determination  of  Hydrocyanic  add  in  Bitter-almond 
Water. — Bitter-almond  water  contains  cyanogen  as  free  hydrocyanic 
acid  and  as  ammonium  cyanide,  but  the  greater  part  is  present  as 
mandelic  acid  nitrile,  C|,HsCH(OH)CN.  The  latter  compound  is  not 
decomposed  in  aqueous  soUition  by  means  of  silver  nitrate,  but  is 
readily  acted  upon  by  the  latter  if  the  solution  is  made  ammoniacal 
after  the  addition  of  the  silver  nitrate  and  then  made  acid. 

The  gravimetric  determination  of  the  cyanogen  present  is  per- 
formed according  to  the  method  of  Feldhaus*  as  follows: 

100  gms.  of  bitter-almond  water  are  treated  with  10  c.c.  of  a  10 
per  cent,  silver  nitrate  solution,  2-3  c.c.  of  concentrated  ammonit 

*  Z.  an^l.  Chcni.  Ill  (1.S64),  p.  3-*. 
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are  added,  tho  solution  Is  immediately  acIilifuKl  with  nitric  acid, 
the  precipitate  allowed  to  settle,  and  tho  HON  determined  aa 
describtxi  above, 

Licbig's  volumetric  method  is  much  more  satisfactory  for  this 
determination  (sc«  Part  11,  Precipitation  Analyses). 

If  it  is  dosirisd  to  dotermine  tiie  amount  of  cyanogen  in  a  solid 
alkali  eyaoido,  a  weighed  amount  ol  the  salt  is  dissolved  in  waU'J" 
containing  silver  nitrate,  and  the  solution  then  acidified  with 
nitric  acid  and  th»  precipitate  treated  as  above. 

If  tlie  cyanide  is  dissolved  in  water  before  the  addition  of  the 
silver  nitrate,  tbere  is  always  a  i^li^ht  loss  of  hydrocyanic  acid. 

Sonie  complex  cyanides  are  quantitatively  decomposed  by 
silver  nitrate,  e.g.  those  of  nickel,  zinc,  and  copper  (the  latter 
only  slowly);  while  others  such  as  the  ferra-  and  ferricyanides  of 
the  alkalies  (and  mercuric  cyanide)  are  not. 

Determination  of  Cyanogen  ua  Mercuric  Cyanide,  Method  of  Rose. 

Mijrcurio  cyanide  ia  a  non-elect rolj-ie  and  ia  consequently  not 
precipitatoil  by  silver  nitrate,  but  it  is  acted  upon  by  hydrogen 
sulphide  with  the  formation  of  insoluble  mercuric  sulphide  and 
hydrocyanic  add; 

Hg(CN),+H,S-HgS+2HCN. 

Thia  reaction,  however,  cannot  take  place  in  neutral  or  acid 
solutions  on  account  of  the  volatility  of  the  hydrocyanic  acid;  it 
must  be  performed  in  an  alkiUitie  solution.  In  order  to  avoid 
the  intro<iuction  of  an  excess  of  liydrogen  sulphide  into  the  solu- 
tion, the  following  procedure  is  iiecc»sar>' : 

The  solution  of  the  mercuric  cyanide  is  treated  with  about 
twice  as  much  zinc  sulphate  dissolved  in  ammonia.  If  tliis  should 
cause  a  turbidity,  enough  ammonia  is  added  to  clear  it  up  and 
hydrogen  sulphide  water  is  then  slowly  poured  In.  This  causes  at 
first  a  brov^Ti  precipitate  which  becomes  black  on  stirring.  The 
hydrogen  sulphide  water  is  added  until  tlie  upper  liquid  shows 
a  pttre  white  precipitate  of  zinc  sulphide.  The  zinc  sulphate, 
therefore,  serves,  as  it  were,  as  an  indicator,  inasmuch  as  the 
pure  wliite  precipitate  will  not  be  formed  until  the  mercury  is 
completely   precipitated.    The   precipitated   sulphides   are   now 
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filtered  off  and  washwl  with  dflule  ammnnia.  The  filtrate  con- 
tains all  of  the  hydrncyanic  acid  and  ih  treated  with  an  excess  of 
silver  nitrate,  acidified  with  nitric  arid  filtered  and  the  weight  of 
the  silver  cyanide  determined  as  described  on  page  3;17. 

Detenninstion  of  Hydrocyanic  Acid  and  Halogen  Hydride  in  the 
Presence  of  One  Another,  according  to  Ffeubauer  and 
Kemer.* 

The  solution  is  treated  with  silver  nitrate  in  the  cold,  the 
precipitate  filtered,  dried  jit  100*  C.  and  in  this  way  the  total 
weight  of  the  silver  SM.ha  is  ileti-rminod.  A  definite  amount  of 
the  precipitjitc  is  placed  in  a  iinrcelain  cnicihie,  heatetl  until  it 
Is  completely  inolteil,  and  then  reduced  witli  zinc  and  sulphuric 
acid  as  described  on  page  328.  The  metallic  silver  ami  para- 
eyanogen  are  filtered  ofT  an<I  the  halogeu  dutcmiincd  in  the  fil- 
trate according  to  page  320  et  seq. 

Tlio  alK»ve  separation  can  be  more  satisfactorily  effected  by 
means  of  a  volumetric  proocas  (See  I'reeipitation  Analyses). 


SOLPHOCYANIC  AciD,  HCNS.     Mol.  Wt.  59.09. 

Fonns:  CuaCCNS)2,  Ag(C5S),  BaSO*. 

I.  Determination  as  Cuprous  Sulphocyanate,  Cu3(CriS)3. 

The  solution  of  the  alkali  sulphoeyftnatc,  which  is  neutral  or 
slightly  acid  with  hydrochloric  or  sulphuric  acid,  is  treated  with 
20  to  50  c.c.  of  a  saturated  solution  of  sulphurotis  acid,  and  copper 
sulphate  solution  is  introduced  with  constant  stirring  until  a 
fllightly  greenish  tint  is  imparted  to  the  liquid.  After  standing 
a  few  hours,  the  precipitate  is  filtered  into  a  Munroe  crucible, 
washed  with  cold  waitr  containing  sulphuroun  acid,  then  once 
with  alcohol,  and  dried  at  HQP  to  140*"  to  constant  weight.  The 
results  arc  good. 

•  Ann.  d.  Cbcm.  u.  Pharm.  (IS&7).  lOl,  p.  Mi. 


H 
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3.  Determination  as  Silver  Sulphocyanate,  Ag(CnS). 

This  excellent  method  for  estimating  sulphocyamc  acid  b  only 
applicable  In  the  absence  of  the  halogen  acids,  or  hydrocyanic 
acid. 

The  dilute  solution  of  the  alkali  sulphocyanate  is  treated  ia 
the  cold  with  a  slight  excess  of  silver  nitrate  solution,  which  has 
been  slightly  acidified  wiUi  nitric  acid.  After  Mtirring  well,  the 
precipitate  ia  filtered  into  a  Munroe  crucible^  waahetl  with  water, 
then  with  a  little  alcohol,  dried  at  130°  to  150"  and  weighed. 

K.  Flulipp  obtain  d  good  resulta  by  this  method. 

3.  Determination  as  Barium  Sulphate. 

In  the  absence  of  all  other  compounds  containing  sulphur, 
thiocyanic  acid  may  be  determined  with  accuracy  by  oxidising 
it  and  prccipitflting  the  sulphuric  acid  formed  as  barium  sul- 
phate. Bromine  water  is  the  moat  suitable  oxidizing  agent  for 
this  purpose.  The  alkali  sulphocyanate  solution  i.s  treated  with 
an  excess  of  bromine  water,  heated  for  from  thirty  minutes  to  an 
hour  on  the  water-bath,  the  solution  acidified  with  hydrochloric 
acid,  and  the  sulphuric  acid  precipitated  (according  to  the  direc- 
tions on  p.  464  ct  seq.)  by  meauii  of  barium  chloride,  and 
weighed  as  barium  sulphate. 

Instead  of  bromine,  nitric  acid  may  be  employed  as  the 
oxidizing  agent. 

It  will  not  do  at  all,  however,  to  treat  a  solid  alkali  itulpho' 
cyanate  with  strong  nitric  acid  in  an  open  vessel,  for  on  account  of 
the  violent  action  some  of  the  hydrocyanic  acid  is  volatilised  and 
escapes  oxidation.  It  is  better,  as  E.  Hcberlein  found  in  the 
author's  laboraton,-,  to  dissolve  the  alkali  sulphocyanate  in  water 
(Heberlcin  used  20  c.c.  of  a  one-tenth  normal  potassium  sulphc- 
cyanide  solution)  and  add  10  c.c.  of  fuming  nitric  acid,  keeping  the 
beaker  surrounded  with  ice.  The  solution  is  at  first  colored  yellow, 
then  deep  red,  reddish  brown,  ancl  finally  becomes  colorless.  The 
sulphur  is  then  by  no  means  entirely  oxidised  to  sulphuric  acid; 
to  accomplish  this  the  solution  must  be  kept  boiling  gently 
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for  two  lioure.  It  m  then  cvapciratod  almoflt  to  dryness,  tAlcon 
up  in  200  c.c.  of  water,  precipitated  hoi  with  barium  chloride 
solution  and  the  barium  sulphate  Slterod  off  and  weighed.  Hcbcr- 
lein  found  99.79 — 90.04  per  cfiit.  of  the  potaaaium  sulphocyanate 
taken.  The  oxidation  is  more  certain,  if  the  s<jlution  of  the  Alkali 
sulphocyanate  is  placed  in  a  flask  conncctwl  with  a  retum-flow 
Condenser,  treated  with  an  excess  of  fuming  nitric  acid,  boiled 
two  hours  and  then  treated  aa  above.  In  this  way  Heberlein 
found  lOO.l  and  100.2  per  cent,  of  the  theoretical  amount  of  sul- 
phocj'anic  acid.  The  oxidation  of  the  jnilphocyanic  acid  la  still 
better  effected  bj'  first  preripitating  the  acid  in  the  form  of  its 
ailvcr  aolt  *  and  filtering  it  off  (it  i.s  only  necessary  to  wa*h  the 
precipitate  when  a  Pulphate  i.«  also  present).  The  funnel  contain- 
ing the  precipitate  is  then  placed  over  a  small  3ask,  the  apex  of 
the  filter  is  broken  witli  a  glass  rmi  and  the  precipitate  washed 
into  the  flask  by  means  of  a  stream  of  nitric  acid  (sp.  gr.  1.37-1.40). 
In  this  way  there  is  no  violent  reaction  and  no  loss  of  sulphocyanic 
acid  to  be  feared.  The  contents  of  the  flask  are  heated  to  boil- 
ing for  three-quarters  of  an  hour.  If  at  the  end  of  this  time,  red 
vapors  are  still  evolved  fn^m  the  flask  (usually  due  to  small  par- 
titlw  of  filter  paper)  it  makes  no  difference;  the  oxidation  of  the 
sulphocyanic  acid  is  sure  Ui  have  been  complete.  The  contents  of 
the  flask  are  evaporateil  to  a  small  volume  in  order  to  remove  the 
excen  of  nitric  add,  taken  up  with  water  ami  the  silver  precipitated 
■a  chloride  and  filtered  off.  The  sulphuric  acid  is  precipitated  in 
the  filtrate  as  barium  eiilpliate  and  the  latter  is  weighed.t 

Hydrogen  peroxide  in  ammoniacal  solution  also  oxidizes  sulpho- 
cyanic  acid  completely  to  sulphuric  acid  but  the  oxidation  requires 
more  time  than  in  the  case  of  nitric  acid.  By  this  method,  accord- 
ing to  Ueberlcin,  the  alkali  sulphocyanate  is  trefttc<l  with  a  large 
excess  of  3  to  4  per  cent,  hydrogen  peroxide  (for  20  c.c.  of  one-tenth 
nonoal  sulphocyanate  solution,  120  c.c.  of  3  to  4  per  cent,  hydrogen 
peroxide  are  used),  the  solution  made  ammoniacal,  allowed  to  stand 
Iwenly-four  hours  at  the  ordinary  temperature,  then  healed  two 
hours  on  the  water-bath,  and  finally  boiled.    .After  acidifying  with 

•  W.  iJorchcre,  Rtprrturium  lU-r  ana!.  tTu-niic,  ISSl,  p.  130, 
t  Borebere  precipitates  th«  8uli>tiuric  nciil   witliout  rvnioving  tbe  silver 
Iqr  nevu  of  Iwrlum  nitrato.    The  prooodun  givea  bon  U  batt«r. 
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hydmrhloric  acul  the  sulpliimc  acitl  is  precipitate<i  with  barium 
cliloriilc'  iirid  the  biiriuia  stilphnt*  fornmd  ia  weighed. 

The  oxidatioa  is  effected  even  more  slowly  by  potassium  pei> 
carbonate. 

Detennination  of  Sulphocyanic  and  Hydrocyanic  Acids  in  the 
Presence  of  One  Another  (Borchers).* 

The  amount  of  silver  riitrute  necoasary  to  precipitate  both  of 
the  acids  ia  dctcmiinpd  volumetric  ally  in  one  sample  of  the  8ut>8tanee 
(see  Precipitation  Analj-sia)  and  in  a  second  portion  the  weight  of 
the  barium  sulphate  formctl  after  the  oxidation  of  the  sulpho- 
cyanic  acid  is  determined.  From  the  latter  weight  the  amount 
of  sulphocyanic  acid  presoit  ran  bo  computed  and  also  the  amount 
of  silver  nitrate  that  would  he  rwiuired  to  preripitate  it.  If  tliia 
amount  is  ."-ubtracled  from  the  amount  of  silver  nitrate  required 
to  precipitate  both  of  the  adds,  the  amount  of  alver  nitrate 
equivalent  to  the  hydrocyanic  acid  present  is  obtained. 

Determination    of    Sulphocyanic    Acid    together   with    Halogen 
Hydrides  (Volhard). 

In  one  portion  the  amount  of  HulplnK-yanic'  acid  present  ia  deter- 
mined as  barium  sidphate  after  oxidation  with  nitric  acid.  A 
second  portion  is  heated  in  a  ckwed  tube  with  concentratwl  nitrio 
acid  and  silver  nitrate  (Carius  Method,t  paRe  325)  after  winch  the 
halogen  silver  sails  aro  fdtc?ired  off,  weighed,  and  subsequently 
changed  to  ailver  chloride  as  descrilwd  on  paRc  334.  ,\  third  por- 
tion is  fused  with  sodium  carbonate  and  potassium  nitrate  and 
the  iodine  determined  from  the  melt  as  palliidous  iodide  (nco 
page  330).  From  the  data  thua  obtained,  the  three  halogens  are 
computed  (see  page  33fi). 

Hydroferrocvahic  Acid,  H^TcCCN),!,    Mol.  "V\*t.  215.9. 

Form:  Silver  Cyanide,  AgCN. 
The  most  accurate  procedure  for  the  analytsiis  of  cyanides  ts  to  de- 
termine the  carbon  and  nitrogen  by  elementar}'aiuilyBLs  (which  see). 

•  lioc.  cU. 

f  Instead  of  using  the  Carius  ni<--thod,  tlii:]i&lD|j[enaaii.d8ulpfa[>cyanidonmy 
be  prt.>c)rittat«)  hy  eiivcr  nitrate,  filtered  through  a  Uooch  cmcil/lc,  (Iried  ut 
I W  and  wfighcd. 
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Determination  as  Silver  Cyanide  (Rose-Finkener), 

"Hiis  m(?tho<l  depemla  upon  thfi  fact  that  all  salts  of  hydrof<>rro- 
cyanic  aci<l  nn  boing  hoatcd  with  ypllow  mrrcuric  oxido  give  up 
their  cyanogrn  to  the  mcrcurv",  forming  soltiWo  merciiric  cyanide, 
whiln  tlic  in»n  is  chaiigwl  to  insolnblo  ferric  hydroxide.  Thus 
Prussian  bluo  is  decomposed  as  followa: 

F04***!Fe+*(CN}fll3+9H?O+9H2O  = 

-9Hg(C-N),4-4Fe(OH),+3Ke(OH),. 

A  weighed  amount  of  the  substance  is  treated  with  an  exccsa 
of  mercuric  oxide  and  the  liquid  is  boiled  until  the  blue  color  has 
completely  disappeared,  when  tlie  prcdpitate  is  filtered  off. 

On  filtering  off  the  insoluble  oxides,  at  first  a  clear  filtrate  id 
obtained,  but  on  washing  some  of  the  precipitate  usually  passos 
through  tho  filter.  By  washing  with  a  solution  containing  a  dia 
solved  salt,  preferably  niorcuric  nitrate,  it  is  possible  to  obtain,  how- 
ever, a  clear  filtrate.  Even  then  the  operation  is  tedious,  so  that 
the  attempt  has  been  made  to  avoid  the  washing  of  the  precipitate 
by  diluting  the  liquid  containing  the  precipitate  suspended  in  it 
to  a  definite  volume,  filtering  through  a  ilry  filler,  measuring  off 
ft  definite  volimie  of  the  filtrate,  and  subseqn«ntly  dutermiuing 
the  cyanogen  as  silver  cyanide  after  first  precipitating  out  the 
mercur>- as  auljjhide  (see  p.  338).  The  amount  of  cyanide  found 
is  then  calculated  over  into  the  amount  that  would  have  been 
obtained  in  case  the  whole  of  the  sdkition  had  Ix.'en  used  for  the 
analysis.  In  this  way  an  error  is  introduced  which  in  some 
oasM  i*  considerable.  I^et  us  assume  that  tlie  Prussian  blue  was 
decomposed  in  a  100-c.c.  flask  and  afu-r  the  decomposition  was 
complete,  the  liquid  was  clihite^l  up  to  tho  mark;  and  that  in 
fiO  c.c.  of  the  filtrate  p  gms.  of  cyanide  were  found. 

The  amount  of  cyani-le  in  thp  portion  weighed  out  is  not  2pgm8., 
for  the  volume  of  the  liquid  before  filtering  was  not  100  c.c,  but 
100— r  C.C.,  where  v  is  the  volume  of  the  mispendetl  oxides. 
Tliia  volume  v  can  bo  detemuned  only  approximately,  so  that  the 
cyanouen  ilelenn'mation  by  thw  method  will  never  be  aljso- 
hitely  oertnin.  In  order  to  obtain  exact  results,  the  first-men- 
twoed  pfoocdurc  should  be  foUowod :  or,  better  still,  tbo  amount 
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of   carboa   and   mtrogen  should   be  determined   by  elementary 
analysis. 

Sfiluble  ferrocyanides  may  be  satisfactorily  dctcnuim'fl  by 
titration  with  potassium  permanganate  (cf.  Part  II,  Oxidation 
and  Reduction  Methods).  For  the  deterniinalion  of  the  iron 
and  other  metals,  the  substanw  is  heated  with  t-oruM'nlraled  sul- 
phuric acid,  tlie  residue  after  evaporation  is  dissolved  in  wat«r, 
and  the  solution  analyzed  as  usual. 

HYDR0FERRICYA5IC  AciD,  H3lFo(CN)til.     Mol.  Wt.  214.9. 

The  fcrricyanidos  aro  analyzed  In  the  same  way  as  the  ferro* 
cyanides. 

HYPOCHLORODS  acid,  H(.10.     Mol.  Wt.  52.47. 

Hypochlorous  acid  is  always  determined  volametrically  and 
will  b5  di3cu33?!d  in  Part  11  of  this  book,  under  Oxidation  Methods, 

GROUP  II. 

NITROUS,  EYDROSULPHirRIC,  ACETIC.  CYANIC.  AND  HVPO- 

PIIOSPHOEtOlLS  ACIDS. 

HiTROUS  Acid,  HNOj.     Mol.  Wt.  47.02. 
Citrous  acid  is  f^ither  dptrminefi  A-nlnmetrically,  pasnmetrio 
ally,  or  colorimetrically.      The  two  former  methods  will  be  dis- 
cussed in  Parts  II  and  III  of  the  book. 


P 


Colorimetric  Determination,  of  Peter  Griess. 

TTiis  method  servos  only  for  the  determination  of  extremely 
STiaU  amounts  of  nitrous  acid  (e.g.,  in  drinking-wators),  and 
depends  upon  the  formation  of  intensively  colorrd  azo-dyes. 

Inasmuch  as  azo-compoimds  are  formpd  only  when  nitrous 
acid  is  present,  they  can  all  be  used  in  testing  for  (his  acid,  but 
the  different  substances  do  not  prove  eqmilly  sensitive  as  reagents. 
Thus  in  tha  production  of  tri-amido-azo-lwnsiene  (Bismarck  brown) 
not  less  than  tJh  mgm.  of  nitrous  acid  in  a  liter  can  be  detected, 
while  according  to  the  following  proaniurc -nAur  "ifP"- i^  *  I'tc 
can  be  detected  with  certainty.  To  carry  out  the  determination 
two  solution.4  aro  necessar}',  one  of  sulphanillc  acid  and  one  U 
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o-nai>hthylamine.    IJoth  subslaQces  are  dissolved  in  acptic  acid* 
and  prepared  according  to  the  directions  of  llosvay  f  as  follows: 

1.  0.5  gm.  of  sulphaniiic  acid  is  dissolved  in  150  c.c.  of  dilute 
acetic  add. 

2.  0.1  gni.  of  solid  a-naphtliylaminc  is  boiled  with  20  c.c.  of 
water,  the  colorless  solution  is  jwured  off  from  tlie  bluish-violet 
residue,  and  150  c.c.  of  dilute  acetic  acid  are  added. 

These  two  solullons  are  now  mixed.J  It  is  not  necessary  to 
protect  the  reagent  from  the  action  of  light,  but  it  is  dcBirabIc  to 
keep  impure  air  away  from  it.  As  long  as  tho  solutinn  remains 
colorless  it  can  bo  uaetl.  If  it  coines  in  contarl,  witli  nitrous  acid, 
which  is  often  present  in  the  air,  the  reagent  Iwcomes  red,  and  in 
this  case  it  must  be  decolorized  by  shaking  with  zine-ilust  before 
using. 

Besides  the  above  reagent,  it  is  necessary  to  prepare  a  solution 
of  soflium  nitritt!  of  known  strength.  For  this  purpose  a  concen- 
trated solution  of  conimeRial  potassium  nitrite  is  trejtted  with 
silver  nitrate  solution,  the  precipitated  silver  nitrite  is  filtered  off 
and  washetl  a  few  times  with  cold  water.  In  order  to  obtain  alwfv- 
lutely  pure  silver  nitrite  the  precipitate  ia  dissolvoti  in  as  little  hot 
water  as  possible  and  quickly  cooled.  The  mass  of  crystals  is  placed  in 
a  funnel  pm\nde<l  with  a  platinum  cone,  and  after  being  sucked  free 
from  mother-liquor,  it  is  washed  with  a  small  amount  of  distiUeii 
water.  The  wlver  nitrite  is  placed  in  a  calcium  chloride  desiccator 
and  alliiwetl  to  dry  in  the  dark.  As  soon  as  it  has  become  dry 
(shoM'n  by  its  having  a-ssumc"!  a  constant  weight)  exactly  0.4047  gm. 
of  it  is  w«ghcd  out  into  a  liter  flask  and  dissolved  in  hotdJstiUed 
-water.  Alwut  0.2  t<t  0.3  gm.  of  pure  sodium  chloride  is  abided  (i.e., 
a  Bttle  more  than  the  theoretical  amount)  in  order  to  convert  the 
wlver  nitrite  into  Mlver  chloride  ami  sodium  nitrite.  After  becom- 
iuR  cold,  the  solution  is  diluted  to  exactly  one  liter  with  pure 
water,  then  thoroughly  j^haken,  and  the  precipitate  allowed  to  settle. 
After  this,  100  c.c.  uf  tlie  clear  liquid  arc  pipetted  into  a  second 


*  F.  QflCM  uwd  dilute  stilphuHr  and  to  snt  free  the  nitrous  ftcid-      IIoovrj) 
■hownl  that  if  arctic  nelii  wcrv  umvI  the  rvactioD  was  mucli  mure  aeiuiUve. 
t  Hull  <-him.[2J2.  p.  317. 
X  Luiigr.  ZciL>trhr.  f.  angcir.  Chem.  1  J«00.  Ilcft  23. 
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liter  flask  and  dilute*!  up  to  the  mark  with  water  free  from  nitroua 
acid.    1  c.c.  of  this  solution  contains  0.01  mgni.  iS'jO,. 

Procedure  for  the  Determination. 

50  c.c.  of  the  water  to  be  examined  are  piacetl  in  a  cylinder, 
such  as  is  shown  on  p.  61,  treated  with  5  c.c.  ot  the  reagent, 
and  the  contents  of  the  cylinder  mixed  with  the  aid  of  tlio 
stirrer  shown  in  Fig.  25;  the  eyliuder  is  jilaced  in  water  at 
about  TO-SO"  C.  If  as  mucli  ats  xaWs  "'g'"-  of  nitrous  acid  is  ]>res- 
entiria  liter  of  the  water  tested,  the  red  coloration  will  appear 
within  one  minute;  with  n.'lativeiy  larger  aimmnts  (e.g.,  as  much 
as  1  mgni.  per  liter)  tlie  sohitioii  Ls  simply  colored  yellow,  unless 
a  concentrated  sohitiun  of  nuptithylamine  ig  used.  Meanwhile 
in  three  other  cylinders  are  placed  respectively  0.1  c.c,  0.5  c.c.,  and 
1  c.c.  of  the  solution  containing  a  known  amount  of  sodium  nitiitc; 
each  is  diluted  with  water  up  U>  the  murk  and  treated  ^\ith  the 
reagent  in  the  Bamc  way.  As  soon  aa  a  distinct  red  coloration  is 
apparent,  the  colors  are  compared  with  that  produced  by  the  water 
to  be  analyzed.  If  the  color  of  the  unknowTi  watoT  lies  between 
two  of  the  standanls — e.g. ,  bi^tw wn  that  pnMluccd  with  0, 1  and  0.5 
C.C.  of  the  stjindanl — then  three  more  slAnclarrU  are  prepared  con- 
taimng,  say,  0.2,  0,3,  and  0.4  c.c.  of  the  knf>wn  solution.  When 
the  color  of  the  «nknn«-n  solution  is.matrhed,  then  the  water  con- 
tains the  same  amount  of  nitmus  acid  as  the  sl."indard. 

If  the  water  contains  considerable  nitrou.i  acid  (e.g.,  over  0.3 
mgni.  per  liter),  then  the  red  coloration  will  be  so  rlark  that  the 
colorimetric  determination  cannot  be  performed  with  certainty. 
In  this  case  a  definite  volume  of  the  water  is  diluted  with  distilled 
water  and  the  oitroua  acid  present  in  this  diluted  water  is  deter- 
mined as  before. 

Tronwdorflf  recommends  for  the  determination  of  n5tro\is  acid 
in  drinkiug-waler  the  use  of  zinc  iodide  of  starch,  and  comparing 
tlie  blue  color  produced  by  the  nitrous  acid  (cf.  Vol.  I,  p.  3iJ2).  If 
1^  nigm.  of  nitrous  acid  is  present  in  a  liter,  the  blue  color  produced 
can  be  distinctly  seen;  with  -^  nigm.  per  liter,  however,  the  color 
is  so  intense  that  it  is  uusuited  for  a  colorimetric  determination. 
This  method  is  not  to  be  recommended  because  in  the  first  place 
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it  itf  far  less  sensitive  than  the  Gricss  method,  and  second  because 
it  can  easily  lead  to  error  inasmuch  as  a  blue  color  will  be  often 
produced  when  there  is  no  nitrous  acid  present.  Traces  of  hydrogen 
]>eroxide  or  ferric  salts,  which  arc  likely  to  be  present  in  a  drinking- 
watefj  will  also  cause  the  solution  of  zinc  iodide  of  starch  to  tuxn 
blue. 

Eydrosulphuric  Acid,  H,S.    Mul.  Wt.  34.09. 

forma:  Barium  Sulphate,  BaSO^,  Hydrogen  Sulphide,  H^S* 
and  colorimetricaUy. 

There  are  four  cases  to  be  consideretl : 

I.  The  determination  of  free  hydrogen  sulphide. 
II.  Thedeterminfltiondf.wiilphiir  in  sulphiclfg  soluble  in  water. 

III.  The  determination  of  sulphur  in  sulphides  insoluble  is 
water  but  decomposable  by  dilute  adds  with  evolution  of  hydro- 
gen sulphide. 

IV.  The  determination  of  sulphur  in  insoluble  sulphides. 

I.  DetenninatioD  of  Free  Hydrogen  Sulphide, 
(a)  Deirrminniion  of  Hydrogen  Sulphide  in  Gas  Mixhares. 

In  case  it  is  desired  to  know  the  per  cent,  of  hydrogen  sulphide 
present  In  a  mixture  uf  gases,  the  analysts  is  best  made  volunictri- 
cally  (see  Part  II,  lodimetry),  but  it  is  possible  to  accomplish  the 
same  end  by  a  pravitnetric  process. 

The  source  of  the  gas  is  connected  by  means  of  rubber  tubing 
with  the  ten-bulb  absorption-tubeshown  in  Fig.  5o, page  359,*  which 
fxntains  a  solution  of  ainmoniacal  hydrogen  j)er()xide  free  from  sul- 
phuric acid.  The  other  end  uf  the  absorption- tube  ts  connected  with 
ma  aspirator,  i.e.  a  large  bottle  of  about  4-^  Uters  capacity  filled 
with  water  and  close<i  by  means  of  a  double-boretl  stopjwr.  Through 
one  hole  of  the  stopper  itt  piiM.'>ed  a  right-angled  glass  tube  which 
raodica  just  below  the  bottom  of  the  stopper  in  tlie  bottle,  and  its 
ntlier  end  is  connected  with  the  absorptinn-tubo.  Through  the  other 
hole  in  the  stopper  is  placed  a  glass  tube  rcacluug  to  the  bottom 

*  Usually  two  of  thoau  tubes  arc  used  in  order  to  maku  sum  that  none  of 
tha  (u  cMftpM  abeoTptioQ. 
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of  the  botlJc.  The  upppr  cud  of  this  tube  is  likenise  bent,  and  is 
conjiected  with  a  rubber  tube  to  sf^rvo  as  a  siphon;  onthelowei 
end  of  the  rubber  tube  is  &  screw-cock. 

Beforo  beginning  the  cxporinicnt,  the  air  in  the  rubber  tubing 
between  the  source  of  gjis  and  the  absorption -tube  is  removed 
by  conducting  the  gas  to  be  amilyzcfl  through  it.  When  this  is 
accomplished  the  tubing  is  connected  with  the  absorption-tube. 
Water  is  now  allowed  to  nm  slowly  from  the  aspirator  into  a 
veasci  graduated  in  liters;  aft4?r  from  2-5  liters  of  the  wat*>r  have 
run  out,  the  aspirator  is  closed  by  screu-ing  iip  the  cock  on  the 
siphon  arm.  The  contents  of  the  absorption -tube  are  poured  into 
a  beaker,  slowly  heated  to  boiling,  and  kept  at  this  temperature 
for  from  five  to  ten  minutes.  The  solution  is  then  evaporated  on 
the  water-bath  to  a  small  volume,  a  little  hydrochloric  acid  is 
added,  the  solution  filterefl  if  neceesan,*,  and  the  sulphuric  acid  pre- 
cipitated at  a  boiling  temperature  with  a  boiling  solution  of 
barium  chloride.  After  the  precifiitate  has  settled,  it  is  filtered 
off,  ignited  wet  in  a  platinum  crucible,  and  weighed  as  baritim 
sulphate. 

Both  at  the  Ijegintiing  and  end  of  the  experiment  it  is  necessary 
to  note  the  temperature  of  the  room  and  the  barometer  reading. 
The  mean  of  these  readings  is  usc^d  for  the  calculation.  The 
amount  of  hydrogen  sulphide  present  in  the  gaa  is  computed  as 
follows: 

The  volume  of  water  which  has  flowed  out  of  the  aspirator 
represents  the  volume  of  the  gas  that  htm  been  sucked  through 
the  apparatus  less  the  amount  absorlx'd  by  the  ammoniacal  hy- 
drogen peroxide  solution.  Ijct  V  represent  the  volume  of  water  in 
liters  which  has  flown  from  the  aspirator  and  p  the  weight  of 
barium  sulphate  found. 

Since  one  gram  molecule  of  haritmi  sulphate  corresponds  to 
one  gram  molecule  of  hydrogen  sulphide  and  the  latter  assumes  at 
0*C.  and  7(50  mm.  pressure  a  volume  of  22.150  liters,*  we  have; 

Ba&Ot:22.loQ:p:Vii 

Vi  = -t5-u7t-^  =  the  volume  of  the  hydrogen  suIphifJc  ab.torbed. 

•  AooonUng  w  Leduc,  Comptes  rendus,  ISS.  571  (IS97)  the  dtmxity  of  H,8 

(Teferred  to  bitbI)  is  I.IS'JS,  (rum  which  tlie  mi;>lecular  volume  is  computod 
M  22.159  Ut«rs. 
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Now  the  volume  (V*)  of  the  gas  that  passed  through  the  apparatus 
.waa  at  f  arid  B  mm.  ppeasure,  while  Vi  la  mcaMureU  at  0°  C.  and 
760  mm.  ptx-fisurt*.     It  is  necessarj*,  therefore,  to  reduce  V  to  0"C 
and  700  mm.  preKBurc. 

'"   760(273+0  * 
The  volume  of  the  gas  drawn  through  the  apparatus  b  (ben; 


and  we  have: 


*—  -i/-^\f  —  tiw  per  cent,  by  volume  of  hydrogen  sulphide  pre«ent. 

(6)  DetermituUion  of  the  Amouni  of  Hydrogen  Sulphide  Present 

in  Solution. 

By  means  of  a  pipette  a  defiitite  volume  of  the  solution  is 
measured  out  and  allowod  to  run  into  ammoniacal  hydrogen  per- 
oxide with  constant  stirring  of  the  latter  by  means  of  the  pipett« 
itaelf.  After  heating  to  boiling  and  acidifying  with  hydrochloric 
acid,  the  amount  of  sulphuric  add  fonned  is  determined  as  baxhim 
nilphate. 

IL  Determination  of  Sulphur  In  Sulphides  Soluble  In  Water. 

(a)  The  solution  is  treated  with  an  excess  of  ammoniacal 
hydrogen  peiioxide  water,  slowly  heated  to  bcHling  and  kept  at 
that  temperature  imtil  the  excess  of  the  reagent  is  destroyed,  when 
the  sulphuric  acid  is  precipitated  with  barium  chloride  and  wdghed 
as  barium  sulphate. 

(,9)  The  solution  is  treated  with  bromine  water  until  a  pernio 
nent  bmwn  color  is  obtained,  when  it  is  warme<I,  acidified  with 
hydrochloric  acid,  and  the  sulphuric  acid  determined  as  barium 
sulphate. 

If  the  solution  contains  thiosuIphat«,  sulphide,  and  sulphat«, 
as  is  Ukelv  to  be  the  case  after  standing  in  the  air  for  some  time, 
the  sulphide  sulphur  is  precipitated  by  means  of  cadmium  acetate 
and  the  sulphur  in  ttie  precipitate  is  determined  as  under  III,  or 
Ibe  cadmium  sulphide  is  oxidized  with  either  bromine  water  or 
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fuming  nitric  acid,  and  the  sulphuric  acid  formed  determined  aa 
barium  sulphate. 

The  detemiinntion  of  thiosulphate,  sulphide,  and  sulphite 
sulphur  will  be  discussed  in  Part  11  of  this  book  under  lodimetry. 

in.  The  Determiiiation  of  Sulphur  in  Sulphides  Soluble  in 
Dilute  Acids. 

Principle. — The  hydmgpn  sulphide  is  evolved  by  trpatmont 
ofthcBuIphide  with  dilute?  acids,  and  aljaorbed  in  aninioniflcal  hydro- 
gen peroxide  solution  as  under  I;  or* the  hydrogen  sulphide  is 
absorbed  in  caustic  soda  solution,  and  the  sodium  sulphide  formed 
analyzed  according  to  H;  or  finally  the  gas  may  bo  absorbed  in  a 
wcighftl  tube  containing  pumice  soaked  with  copper  sulphate 
solution,  in  which  case  the  gain  in  weight  represents  the  amount  of 
gas  absorbed. 

Evolution  and  Absorption  of  the  Hydrogen  Sulphide. 

In  the  case  of  sulphides  rich  in  sulphur  0.25-0.50  gm.  of  the 
Bubstoncc  should  he  taki-ii  for  the  analysis,  whi-reaa  of  thoae  contain- 
ing leas  sulphur  a  correapondingly  larger  iimounl  should  be  taken. 
The  substance  is  placed  in  an  KHcnmcyer  fla.sk  (Fig.  O'i,  a)  the  con- 
nection between  the  flask  and  the  receiver  is  broken  and  the  air  is 
expelled  from  K  by  conducting  hydrogen  gns  through  the  dehvcry 
tube  and  out  through  the  open  sl/>p-cf)ck  of  T.  After  a  rapid 
current  of  hydrogen  ha-s  pa-ssH  thnmgh  the  apparatu-s  for  about 
five  minutes,  the  receivers  V  ami  /*  arc  partly  filltyl  with  an 
ammoniacal  8olutir>.n  of  hydnigen  peroxide*  (about  3-4  per  cent. 
11,0,);  placing  about  100  c.c.  of  tho  solution  in  V*  and  about 
10-20  c.c.  in  P. 

The  receiver,  V,  is  now  connectc<l  with  the  deliverj'-tnbe  from 
theevoIution-fla.sk  K,  and  hy<irogon  is  comiucttHl  fmm  7*  throughout 
the  whole  apparatus  for  five  minutes  more  in  onler  to  remove  aa 

•  In  caw  hydroKMi  pcroxidf  is  not  nt  hand,  the  rccdvcre  should  ippntain 
100  c.c.  of  dilute  Bodium  hydroxide  solution  (250  gm.  to  1  lit«r).  Aftvr  the 
dcMimpotntioti  is  coni|)ktv  iho  cDiit(.-ii1«  of  thu  n'L'clvcr  arc  tniiisfcrrcd  to  ft 
bealtrr,  30-SO  c.c.  of  brornine  wat«r  are  added,  the  Kilulton  nridifiod  with 
hydrochloric  ack\  (.Sfi.  gr.  1.19)  and  boiled  while  carbon  dioxide  U  pAsned 
throuith  it  until  the  exr***  of  brirtnine  is  completely  expelled.  Tlic  sulphuric 
acid  formed  i«  Ihon  pn-cipitnltHl  with  il  hot  w^hititm  of  hariuiii  rlilorid*. 
Iimtcjid  of  oxiilixinc  the  wxliuui  sulphide  to  sodium  sulpbato  it  can  be 
titrated  with  iodiao  ict.  lodimelry). 


Fig.  H. 

ing  somewhat.  'When  the  evolution  «f  the  (jas  has  ceased,  the 
contents  cf  A'  arc  heated  to  a  Rentle  hoiling  and  a  slow  current 
of  hydrnprn  *  is  comiurte<l  throuEh  the  apparatus  front  T  for 
twenty  mimit-cs,  when  the  flame  is  removed  and  the  current  of 
hydrogen  ia  continued  for  fifteen  minutes  longer.  At  the  end  of 
this  time,  the  hydrogen  siili>liide  will  surely  completely  be  driven 
over  into  V.f 

*  Tlio  liyJrogen  Ii  evolved  from  liuc  and  «ulpliuric  add  in  a  Kipp  grner- 
Ator.  The  gaa  is  waah«d  (int  wilh  an  alkaline  lead  solution  in  order  U>  remnve 
tratxn  o(  hydrogen  nilpliidf^  and  tlu'n  witti  vaU-r. 

t  Ity  llie  abaorptloD  of  tlw  hydro^o  sulpliide  in  tlw  atimiunincul  volutioo 
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Tie  ccnt«nts  of  the  two  receivers  are  washed  into  a  beaker 
and  slowly  heated  to  boiiing  in  order  to  effect  the  complete  oxi- 
dation of  the  thiosulpliuric  and  sulphurous  acids  and  to  expel  th« 
excess  of  the  Iiydrugen  i>enjxide.  The  solution  is  finally  acidi- 
fied uilh  hydrocJiloric  acid  and  tlie  sulphuric  acid  determined  as 
barium  sul])hate. 

This  method  yields  excellent  results  and  can  be  applied 
to  the 

Determination  of  Sulphur  in  Iron  and  Steel. 

Inasmuch  as  the  aniount  of  sulphur  present  is  so  small,  a  large 
amount  of  the  substance  must  l^c  taken  for  the  analysis.  For 
pig  iron  2-^  gms.  are  sufficient,  while  with  stwl  5  gms.,  and  with 
■wrouj^ht  iron,  as  much  as  10  gms.  should  be  used. 

The  determination  In  carried  out  in  the  same  way  as  before, 
except  in  this  case  a  i^tronger  acid  should  be  used  (HCl  sp.gr.  1.19); 
this  is  allowed  to  act  upon  the  iron  at  once  without  first  covers 
ing  it  with  wat^r,  and  the  hoiting  is  continued  for  at  least  twenty 
minutes  after  the  gas  evolution  has  ceased. 

Instead  of  collecting  the  evolved  hydrogen  8ulp>iide  in  ammo- 
niana!  hydrogen  peroxide,  it  is  often  more  convenient  to  absorb 
it  in  oinmoniacal  cadmium  solution,  or  in  caustic  soda  solution, 
and  determine  the  sulphur  volumctrically  by  an  iodimctric  process. 
See  Appendix  I. 

Remark. — The  sulphur  present  in  steel  or  cast  iron  made  by 
the  Thomas-Gilchrist,  or  basic  Bessemer,  process  can  as  a  rule  be 
determined  occurateiy  by  this  method.  In  the  cose  of  certain 
other  steels  and  cast  Iron*,  however,  the  results  are  likely  to  bo 
low.  In  order  to  carr>-  out  an  accurate  determination  in  such 
cases,  a  tube  made  of  difficultly  fusible  ^ass  (about  30  cm.  long 
and  1  cm.  wide)  is  inserted  between  the  evolution  flask  K  and  the 
absorption  flask  V  (Fig.  54).    After  the  air  has  been  replaced  by 

of  hydrogen  pcrosiilB  Ihc  Initer  w  alwiij-a  colonxl  aomowhat  ypUow  owing  U> 
the  tormfttion  of  n  little  ammoniuin  di-'ulphide.  'niis  ycUow  color  can  be 
dutlincLly  wen  in  (he  (lcUvcr>'-tiibe,  whcnr  it  dipB  iDtu  the  sululion  in  the 
lOGCivvi and  lat«r  di«:tf'|>euni  uninH  to  further  uxidiirioii: 

Wbcn  tho  color  can  no  luuKcr  be  detected,  it  ie  n  sign  thaL  the  greater  port  of 
the  hydro,?;n  suliihilc  haa  been  driven  over. 
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hydrogen,  this  tube  is  heated  to  dark  redness  by  means  of  a  small 
fumacfi  of  fmm  four  to  mx  burners,  whereb}*  the  sulphur  in  the 
methyl  sulphide  passInK  through  the  tube  is  converted  completely 
into  hydrogen  sulphide. 

When  the  use  of  this  tube  is  adopted,  care  must  be  taken  that 
no  drops  of  water  enter  the  red-hot  tube.  To  this  end,  the  liquid 
in  the  flask  K  should  only  be  boiled  very  gently,  or  better,  the  flask 
should  be  eonnected  with  a  return  flow  condenser.     (Cf.  p.  3Sl.) 

The  insoluble  residue  which  is  obtained  especially  in  Uie  case  of 
irons  containing  considerable  silicon,  often  contains  an  appreciable 
amount  of  sulphur.  The  residue  is,  therefoirc,  filtered  off,  washed, 
dried,  fused  with  sodium  carbonate  and  potassium  nitrate  (cf. 
p.  357),  the  melt  extracted  with  water,  the  resultiug  solution  evap- 
orated with  hydrochloric  acid,  any  deposited  silicic  acid  filtered 
off,  and  the  sulphuric  acid  in  the  final  filtrate  determined  aa 
barium  sulphate  in  the  usual  way. 

Phillips  and  Blair  have  shown*  that  sulphur  present  Indif- 
ferent kinds  of  iron  and  steel,  especially  cast  iron,  may  be  present 
iu  four  different  conditions; 

1.  By  far  tlifi  greater  part  is  evolved  as  hydrogen  sulphide 
when  the  metal  is  treated  with  hydrochloric  ai'id. 

2.  .\nothtT  part  is  evolved  probably  as  nu>thyl  sulphide  (CH3)aS, 
an  extremely  stable  sulphur  ronipuutid  wljii;h  is  not  very  much 
affected  byammoniaeat  hydrogi-n  peroxide,  bromine  in  hydrocfiloric 
arid,  or  aqua  re^'a.  The  sulphur  in  this  eompuund  is  changed 
complet^tly  into  hydrogen  sulphide  on,  being  passt'd  through  a 
tul«!  ht-atcil  to  n-diiess,  in  wliirh  hydrogen  Is  also  present. 

3.  Another  part  of  the  sulphur  present  is  not  volatilized  by 
the  artion  of  hot  dilute  hydrochloric  aeid,  but  can  be  oxidized  to 
sulphuric  acid  by  treating  the  contents  of  the  evolution  flask  nith 
nitric  acid  or  aqua  regia. 

4.  Another  very  small  part  of  the  sulphur  may  be  present  in 
the  form  of  an  insoluble  sulphide  which  is  not  oxidized  by  nitric 
acid  or  aqua  regia  and  can  only  be  obtained  in  solution  after 
fusion  with  sodium  carbouate  and  potassium  nitrate. 

More  rceent  workf  has  shown,  however,  that  annealing  tho 

•  Cf.  J.  Am.  Chem.  .Soc..  I»,  lU  (1897J.  ' 

t  T.  O.  Elliott,  Cheat.  Newd,  104.  296  (191 1),  mixes  5  gma.  of  the  iron  or 
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Bample  converts  all  tho  aulphur  into  a  condition  such  that  it  is 
L'voUx'd  as  ]iyilr»gi;ii  sulithltlc  whun  iJu;  iiietal  lu  irualcd  with 
hydnx'hloric  iwiil,  sp.  gr.  1.19. 

Bamber  Method  for  Determming  Sulphur  in  Iron  and  SteeL 

On  account  of  the  uncertainty  in  olitaining  all  the  sulphur 
present  in  iron  or  Eitcol  by  thy  ahove  ovohition  method,  the  Com- 
mittee on  Standard  Methods  for  the  Analysis  of  Iron — American 
Foundrj-men'a  Association,  have  recommended  tho  following 
method,  whirh  ia  that  proposed  by  Bamber, 

A  3-gm.  sample  of  drillings  is  di^wolved  in  concentrated  nitric 
acid.  After  the  iron  is  completely  ilissolved,  2  gms.  of  potassium 
nitrate  arc  added,  ihe  solution  is  evaporated  to  dryness  in  a 
platinum  dish  and  the  dry  residue  is  ignited  over  an  alcohol 
lamp  at  a  red  heat.  After  Iho  ignition,  50  c.c.  of  a  1  per  cent, 
solution  of  sodium  carbonate  arc  added,  the  liquid  boilwl  for  a 
few  minutes,  and  tht-n  filt.creil,  wiiahiiig  the  precipitate  with  liot 
1  per  cent,  eodium  carbonate  solution.  The  filtrate  containing; 
all  the  sulphur  is  evaporated  to  dryness  with  hydrochloric  acid, 
the  residue  thus  obtained  is  taken  up  in  50  c.c,  of  w.-iti^r  and  2  c.c. 
of  concentrated  hydrochloric  acid,  and  the  resulting  solution  Is 
filtered.  Th<>  filtrate  is  diluted  to  a  volume  of  about  100  c.c.  and 
precipitated  hot  with  barium  chloride  solution. 

During  the  determination  gr^at  care  should  be  taken  to  prevent 
the  absorption  of  fumci  containing  sulphur.  For  this  reason  a 
gas  flfimc  should  not  be  u.scd  at  any  .«itagc  in  the  process. 

Colorimetric  Determination  of  Sulphur  in  Iron  and  Steel.* 
Principle.— The  hydrogen  sulphide  evolved  from  a  weighed 

amount  of  iron  is  pa.-*«cd  through  a  cloth  which  lias  been  wet  with  a 
solution  of  i-admium  acetate.  The  liydro;;en  sulphide  reacts  with  the 
cadmium  salt  to  form  yellow  cadmium  sulphide  and  the  intensity 
of  the  color  is  proportional  to  the  amount  of  hydrogen  sulphide. 
If  a  grams  of  substance  produce  a  certain  shade  then  it  would 
take  2a  grams  of  a  sutwtanrc  containing  half  as  much  sulphur  to 

steel  u-itli  0.*J5  |i^.  or  autiydrous  poLaaaiuin  (crnKj'amde,  maps  Ihoiujxitire 
in  rilter  paper,  pUcrs  it  tu  u  porcolam  cniciblt^  lund  aiuieaLi  at  75O°-850°  for 
20  uiinii(c»  in  a  inufTlQ  furnace. 

•.^  Wi}<orsh-.  Stahl  and  Eisea.  6  (18C6),  p.  2-10. 
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duplirntc  it,  or  in  other  words,  the  relations  hold,  a*=a'«',  where 
a  ami  a'  rrprcsonl  the  amount  of  substance  taken  for  the  analysis 
and  a  and  **  the  percentage  of  sulphur  present.  In  the  first  place, 
then,  a  scale  must  be  prepare-l  of  different  shades  representing 
different  percentages  of  sulphur.  For  this  purjXMe,  Wiburgh 
uses  the  apparatus  shown  in  Tig.  oT,.    It  eonaiata  of  a  23a-300-c.c. 

Erlenmcyer  Rank  A  wiih  a  side- 
jtnn  funnel  T  and  with  a  ground- 
gloss  eonncction  between  the  cylin- 
der li.  The  latter  iti  alwut  20  cm. 
long,  and  is  from  5.5-6.0  cm.  wide 
at  the  top  and  about  8  mm.  at  the 
Imttom.  Tlie  upper  edge  of  the 
cyliiuler  Ls  rounded  over  and  ground 
jwrfectiy  smooth.  I'pon  this  upper 
edge  are  placed  two  niUlier  rinjrs 
of  the  same  inner  diameter  an  the 
glass  cylinder.  Between  these  two 
rings  is  laid  a  circular  piece  of  cloth 
C  that  has  l)cen  dipped  in  a  solution 
of  cadmium  acetate,  and  upon  the 
upper  nihhrr  ring  i.s  placed  a  wooden 
ring  H  which  is  held  firmly  against 
the  edge  of  the  cylinder  by  means 
of  three  clamps  K  (only  two  are 
shown  in  the  illustration). 
The  fliiflic  A  is  611cd  not  quite  half  full  with  distilled  water,  the 
oontwits  Ixiilcil  a  few  miniitei*  to  remove  the  air,  the  (hune  is  re- 
moved, and  a  wcighing-tuhe  containing  a  definite  amount  of  a 
•ample  whose  sulphur  content  ia  known  is  throvt-n  into  the 
fla.sk.  The  rylhulcr,  with  the  cadmium  acetate  cloth  in  position, 
is  placed  upoti  the  flask,  and  the  gentle  boiling  la  continued  until 
the  cloth  is  uniformly  moistened  with  tlie  aqueous  vapor  which 
is  seen  to  post  thnrnj^h  it.  The  water  must  not  bo  boiled  too 
Blrongty  and  the  cloth  must  noi  be  alluwed  to  puff  up,  for  in  that 
case  it  will  become  distorted  and  afterward  an  unevenly  colored 
surface  will  lie  obtained.  After  Ixiiling  for  three  or  four  minutes 
sulphuric  acid  (1:5)  is  cautiously  added,  drop  by  drop,  to  the 
C(Hitents  of  the  flask  (3  e.c.  for  each  0. 1  gm.  of  iron)  through  the 
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^^H          funnel  T.     TIio  nvohitinn  of  hy(lR)gen  sulphiile  begins  at  once             | 

^^^H          and  is  rocognizeil  by  the  cadin 

iuin  acetate  cloth  becoming  yellow. 

^^^1          After  tho  acid  has  all  bncii  ai 

ili?d,  Uie  boiling  i.s  contiiiuwt  until 

^^^1          thcro  is  no  more  gas  evolved 

fn«n  ihe  HubsUiticej  and  then  for 

^^^H          ten  minutes  moro  in  order  to 

completely  expel  It  from  the  solu- 

^^^1 

^^^1               The  picK'-o  nf  cl[>th  \^  now  rBinoverJ  and  placed  upon  a  piece  of             1 

^^^1          white  filtci^paper,  ko  that  the  Hide  which  was  toward  the  flask  is  on 

^^^1          top.     In  the  same  way  a  srale 

of  six  difTerent  shades  is  prepared 

^^^^^^    corresponding  to  the  fnllowing  table: 

^^^^P 

TiDt  No.  4. 

^                     Aniiirint                            Per  r>nt. 

Amnunt                        PirOvilt. 
Weill  3ied                      Bidpliw 

^^^H                      Wui|iti«d                           Suliihiir 

^^^^^^                 Uiil.                                PrcwnU 

l)ui.                          Prwwit. 

^^^^^                                                     00035 

0-8                      0-OlS 

^^^^v 

0-4                      0-030 

^^V                                                              0-010 

0'2                        0-000 

^^H                                                        0-020 

0-1                        0-120 

^^m           o-os 

0-0^                      0-lfiO 

^^^                  0-04                      0-050 

001                      0-300 

P                          0-02                      O-IOO 

003                      O-fiOO 

Tint  No.  2. 

Tint  No.  5. 

0-8                       0005 

O-S                      0-02fi 

0-i                       0010 

0-i                     0-050 

a*a                0-020 

0-2                      0-100 

O*!                        0-040 

0-1                      0-200 

O'OS                      0-060 

O-OS                      0-25t) 

O'M                      0-100 

0-04                      O-SOO 

0-02                      0-200 

0-02                      l-OOO 

Tint  No.  3. 

Tmt  No.  0. 

0*8                        001 

0-S                        0-035 

0*4                       O'Oa 

0-4                        0-070 

0.3                        0-frl 

0-2                        0-140 

O-I                        O'OS 

0-1                      0-280 

o-os                 O-IO 

0-03                    0-360 

0>04                      0-20 

0-W                    0-700 

0*09                      0-40 

0-02                    1.400 

To  illustrate  the  uae  of  this 

table,  suppose  we  wish  to  prepare 

the  scale  f^im  a  sample  of  steel  containing  exactly  0.17  per  cent. 

of  sulphur.     How  much  of  it  should  be  weighed  out  in  order  to 

prepare  Tint  No.  I  ? 

From  the  table  we  know  tliat  tliis  shade  can  bo  prepared  by 

0.017 

Wc  must,  therefore,  weigh  out  0.01  IS  gm.  of  the  steel  in  order 
to  prepare  Tint  No.  1. 

In  the  same  way  the  amount  necesatiry  to  produce  Tint  No.  2 
will  be  found  to  be  0.0235  gm.,  etc.  For  the  determination  proper, 
from  0.1-0.8  gm.  of  the  substance  (according  to  its  supposed  sul- 
phur content)  is  weighed  out  and  treated  in  the  same  way.  If 
with  a  sample  of  0.2  gm.  a  shade  corresponding  to  Tint  No.  5  ia 
obtained,  the  table  shows  us  that  0. 1  per  cent,  of  sulphur  ia  present. 

Remark.— The  above  process  ia  verj'  simple  and  to  be  recom- 
mended in  case  a  large  number  of  sulphur  determinaiions  are  to  be 
made,  u  is  the  caac  m  iron  and  stcci  laboratories.  It  is  to  b« 
noted,  howerer,  that  on  accurate  value  Ls  obtained  only  when  all 
the  sulpliur  is  present  in  a  form  such  that  it  is  evolved  as  hydrogen 
sulphide  on  treatment  with  acid. 

IV.  Detennination  of  Sulphur  in  Insoluble  Sulphides. 

For  this  analysis  the  sulphur  is  either  oxidized  to  sulphuric 
ftcid  and  detemiineJ  as  barium  sulphate,  or  the  sulphide  is  acted 
upon  in  a  suitable  apparatus  with  naj^rent  hyilrogcn,  whereby  the 
sulphur  19  evolved  rm  hyrlrogen  sulphide  and  Is  absorbed  by  one  of 
the  abiive-cieacribe.:!  methods. 

The  oxidation  of  the  sulphide  can  take  place; 

(a)  In  the  />ry  Way. 

[b)  Inlhe  Wei  Way. 

(a)    oxidation  in  TBE    dry  WAT. 

1.  Fraenius'  MeOiod:  Fusion  with  Sodium  Carbonate  and 
Potassium  .SUtrate. 

About  0.5  gm.  of  the  finely  powdered  sulphide  la  intimately 
nixed  in  a  spacious  nickel  crucible  with  twelve  times  as  much 
of  &  mixture  of  four  parts  sodium  car'-onatc  and    one   part 
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potassium  nitrate,*  covered  with  a  thin  layer  of  the  mixture  and 
hpfttwl  at  first  gpntly,  then  gradually  incrcajjing  the  temperature 
until  the  contents  of  the  crucible  arc  melted;  it  is  then  kept  at  this 
temperature  for  fifteen  minutes.  After  cooling,  the  melt  is 
extracted  with  water,  filtered,  the  residue  boiled  with  pure  tlilutc 
sodium  carbonate  solution  and  finally  washed  with  water  to  the 
disappearance  of  the  alkaline  reaction.  The  filtrate  is  treated  in  a 
covered  beaker  with  an  excess  of  hydrochloric  acid  boiled  to 
expel  the  carbon  dioxide,  and  evaporated  to  drj-ness.  In  order 
to  remove  all  of  the  nitric  acid,  the  dry  ma^s  is  treated  with  10  c.c. 
concentrated  hydrochloric  acid  and  again  evaporated  to  dryness. 
This  last  residue  Ls  moistened  with  1  c.c.  concentrated  hydro- 
chloric acid,  treated  with  100  c.c.  water,  and  filtered  if  necessary. 
The  filtrate  is  diluted  to  450  c.c.,  heated  to  boiling  and  precipitated 
with  2ic.c. of  normal  barium  chloride  aolutionf  which  ia  diluted 
to  100  C.C.  and  added  as  quickly  as  possible  while  stirring  vigor- 
ously (cf.  sulphurie  acid). 

ftermrrfc. — This  ia  the  most  reliable  method  for  determining 
the  total  amount  of  sulphur  in  insoluble  sulphides  and  serves  for 
testing  values  obtamed  by  other  methods. 

It  is  important,  however,  to  conduct  the  fusion  in  such  a  man- 
ner that  none  of  the  combustion  products  of  the  sulphur  in  the 
ilkuiiinating-gas  comes  in  contact  with  the  conteats  of  the  crucible. 
This  is  accomplished,  as  suggested  by  Lowe,|  by  placing  the  cruci- 
ble in  an  inclined  position  within  a  hole  in  a  piece  of  asbestos  board. 

2.  MeOiod  of  BSckmann. 
In  order  to  avoid  the  tedious  Operation  of  destro>-ing  the  nitrate 
which  is  neei'&sarj'  in  the  method  of  Frusemus,  Hoekinanu  fuses  0.5 
gm.  of  the  substance  with  2J  gms.  of  a  mixture  of  six  ports  sodium 
carbonate  ami  one  part  potassium  chlorate.  The  contents  of  the 
crucible  are  heated  gently  at  first  and  finally  until  there  is  no  more 

*  Ginger  rwommendfi  Mxltum  iKiroxidu  as  an  axulizing  flux,  in  which 
cnac  a  nickd  or  iron  crucible  munt  be  iinol.  See  Chem.  Z)r,,  IS,  1448,  and 
Z.  !uial.  Choio.,  S4,  5<M  (ISItS)  and  List,  Z.  angcw.  Chcm.,  19W,  414.  Gla»er'a 
tuetlioil  K  KivfiL  in  A|i|'<>nilix  1. 

1 122  em.  of  the  solid  IlaClf'JII^  diasolved  ta  a  liter  of  wrat«r. 

;  Z,  Miol.  Chcm.,  80.  2^  (18S1). 
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evolution  of  oxygm.  After  coolins  the  molt  is  pxlrnctwl  with 
water,  the  filtnite  acidified  with  hydrochloric  acid  and  precipitated 
at  B  boiling  temperature  with  barium  chloride'. 

This  mothtHl  is  held  to  Ix;  less  accurate  than  that  of  Frcscnius, 
but  according  to  the  author's  experience  it  is  equally  good. 

3.  Oxidation  by  Chlorine  {Rose). 

Tliis  v3r>'  imporlant  niethoil  is  used  lesis  to  determine  liio  amount 
of  sulphur  present  in  insoluble  sulphides  tlmn  it  is  to  effect  the 
solution  of  the  sulphide  for  the  s^-paration  and  determination 
of  the  metals.  As  an  example  of  ttiis  sort  of  an  analysis  we  will 
con-sidcr  the 

Analysis  of  Tetrahedrite  (Fahlerz). 

Tctrahcdrito  is  a  sulpha-salt  correspond ing  to  ihe  general  for- 
mula 4M.S-R,S,  in  wliich  .M  ia  Cu„  Ag,,  Fe,  Zn,  or  Hg,,  and  R  is 
As,  Sb,  or  lii. 

From  0.5-1  gm.  of  the  finely-powdered  mineral  is  introduced 
by  means  of  a  long  weighing-tube  into  the  bulb  of  \.\u:  tube  H,  Fig.  56, 
vhich  U  30  cm.  long  and  1^  cm.  wide  and  made  of  diRicullly  fusible 
glass. 


I 


Fui.  M. 

In  the  receivers  T'  and  Z  arc  plat-ed  about  100  c.c,  of  hydrochlorio 
arid  (1:4)  to  wliicli  3.5gniB.of  tartaric  acid  have  been  added,  and  a 
slow  but  sirady  Hiream  of  chlorine  *  is  conducted  through  the  appa- 
ratus. 

'Thr*  chlorine  is  grnnntM]  in  &  Kipp  apparatus  from  chloride  of  limo  and 
bydrrK-hldrin  acid.     In  ord<!r  to  purify  the  (tna  it  ia  piuwwl  thrBiigli  the  waab- 
I  A,  B,  and  C.    Tho  firal  cont»iiw  water  and  the  other  two  cont<un  coo* 
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As  soon  as  the  chlorine  reaches  the  substance  in  R,  the  decom- 
position begins.  The  contents  of  R  become  heated  and  the  volatile 
chlorides  collect  in  the  front  part  of  the  tube.  When  the  action 
begins  to  diminish,  the  decomposition  is  assisted  by  heating  R 
with  a  small  flame  kept  in  constant  motion.  The  heating  is  con- 
tinued until  only  brown  vapors  of  ferric  chloride  are  given  off;  as 
little  as  possible  of  these  should  pass  into  the  receiver.  The  easily 
volatile  chlorides,  however,  are  driven  over  into  V  as  much  as 
possible  by  carefully  heating  with  the  flame.  After  allowing  to 
cool  in  an  atmosphere  of  chlorine,  the  tube  R  is  broken  by  first 
scratching  with  a  file  near  the  drawn-out  part  and  then  touch- 
ing it  with  a  hot  glass  rod.  Over  each  of  the  open  ends  of  the 
tube  a  clean,  moist  test-tube  is  placed  and  allowed  to  stand  this 
way  overnight;  in  this  way  the  sublimate  absorbs  water  and  can 
be  easily  washed  off  in  the  morning.  The  contents  of  V  and  Z 
are  poured  into  a  beaker  and  the  drawn-out  part  of  £  is  washed  out 
with  hydrochloric  acid  containing  tartaric  acid. 

The  Residue  A 

consists  of  «lver,  lead,  and  copper  chlorides,  almost  all  of  the  sano, 
lead,  considerable  amounts  of  iron,  and  the  gangue. 

The  Solution  B 

contains  all  of  the  sulphur  as  sulphuric  acid,  the  bismuth  as  chloride, 
the  arsenic  and  antimony  as  their  pentoxide  compounds,  a  part 
of  the  iron  and  zinc  and  often  small  amounts  of  lead. 

Treatment  of  the  Residue  A. 

This  is  wanned  for  a  long  time  with  dilute  hydrochloric  acid, 
diluted  with  water,  allowed  to  settle,  and  the  residue  consisting  of 
silver  chloride  and  the  gangue  is  filtered  off,  washed  thoroughly 
with  hot  water  in  order  to  make  sure  that  all  lead  chloride  is  re- 
moved, treated  with  ammonia  on  the  filter  and  the  silver  precipi- 
tated from  the  ammoniacal  filtrate  by  acidifying  with  hydrochloric 
acid,  and  determined  as  the  chloride.  The  residue,  insoluble  in 
ammonia,  is  ignited  wet  in  a  platinum  cniciblc  and  weighed. 

centrated  sulphuric  acid.  It  is  ohm  well  to  introduce  a  calcium  chloride  tube 
filled  with  pieces  of  coldte  between  C  and  R  in  order  to  remove  tnc68  of  acid. 
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Into  the  filtrate  from  the  silver  chloride,  hydrogen  sulphide  is 
passed  until  the  solution  is  saturated  with  the  gas,  the  precipitate 
consisting  of  copper  and  lead  sulphides  is  filtered  off,  and  the  lead 
separated  from  the  copper  as  sulphate  according  to  p.  200.  The 
filtrate  from  the  hydrogen  sulphide  precipitate  is  combined  with 
that  obtained  from  Solution  B  after  hydrogen  sulphide  has  been 
passed  into  it. 

TTeaimeni  of  Solution  B. 

A  stream  of  carbon  dioxide  is  passed  through  the  solution  for 
some  time  in  order  to  remove  the  greater  part  of  the  excess  of  chlo- 
rine, and  hydrogen  sulphide  is  then  passed  into  it  at  the  tempera- 
ture of  the  water-bath.  The  precipitate,  consisting  of  sulphides 
of  arsenic,  antimony,  mercury,  and  possibly  bismuth,  is  filtered 
off  after  standing  twelve  hours,  and  the  arsenic  and  antimony 
separated  from  the  mercury  and  bismuth  by  means  of  ammonium 
sulphide  as  described  on  p.  235.  From  the  ammonium  sulphide 
solution  the  arsenic  and  antimony  are  precipitated  by  acidifying 
with  dilute  hydrochloric  or  sulphuric  acid,  the  precipitated  sul- 
phides filtered  off  and  the  arsenic  separated  from  the  antimony  as 
described  on  p.  241  et  seq. 

The  precipitate  insoluble  in  ammonium  sulphide  usually  consists 
almost  entirely  of  mercuric  sulphide  and  sulphur,  in  which  case 
it  is  washed  first  with  alcohol,  then  a  few  times  with  carbon 
bisulphide,  then  with  alcohol  again,  dried  at  100"  C.  (preferably 
in  a  Paul's  drying-oven)  and  weighed.  If  bismuth  is  present,  how- 
ever, the  mixture  of  the  two  sulphides  is  treated  with  nitric 
acid  of  sp.  gr.  1.2-1.3,  boiled,  an  equal  volume  of  water  added, 
the  residue  filtered  and  the  bismuth  determined  in  the  filtrate 
according  to  p.  194,  while  the  mercury  is  determined  as  above 
described. 

The  filtrate  from  the  hydrogen  sulphide  precipitate  contains 
iron  and  zinc  and  is  combined  with  the  corresponding  filtrate 
from  the  Readue  A,  which  likewise  contains  these  metals.  These 
are  precipitated  by  the  addition  of  anrnionia  and  ammonium 
sulphide,  filtered  off,  dissolved  in  hydrochloric  acid,  the  solution 
oxidized  with  nitric  acid,  and  the  iron  separated  from  the  zinc, 
preferably  by  the  barium  carbonate  method  (see  p.  l.'iO). 
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It  IB  best  to  determine  the  sulphur  in  a  separate  portion  by 
fuaon  witli  sodium  carboaalc  and  potassium  nitrate  as  descrilwU 
oa  p.  358. 

The  determination  of  tlie  sulphur  in  an  aliquot  part  of  the 
Solution  13  la  not  to  be  recommended  on  account  of  the  fact  that 
the  metals  present  are  likely  to  contaminate  the  precipitate  of 
barium  sulphate. 

(B)  oxidation  op  SULPaOR  IN  TBS   WET  VTAY. 

Tot  this  purpose  aqua  reglii,  fuming  nitric  acid,  bromine, 
hydrochloric  acid  and  potaaaium  chlorate,  and,  in  some  cases, 
ammoniacal  hydrogen  peroxide  have  been  proposed. 

Aqua  regia  ia  moat  frequently  used  in  practice  and  in  the  pro- 
portion first  recommended  by  J.  Lefort,*  viz.,  3  volumes  of  nitric 
acid  of  Hp.  gr.  I.-l  and  1  volume  of  hydrochloric  acid  of  sp.  gr.  1.2. 
Aa  an  example  we  will  cite  the 

DetermiTiation  ofStdphur  in  Pyrtte,  G.  Lunge's  Affthod.f 

The  sample  should  l>e  finely  ground,  but  it  muat  be  borao  in 
mind  that  rapid  ^rindiii^  iu  the  air  may  jrtuirrate  oiiuu^h  heat  to 
cause  the  oxitlatJon  of  .■^onie  Hulphur  .so  that  iUi  upprecialile  aitimmt 
escapes  as  dioxide.  Of  the  fmc  piiwdcr,  OJj  ^m.  ih  trttated  with  10 
c.c.  of  a  mbctiireconHisting  of  ;i  paits  niirii!  auid,  sp.  |;r.  1.42,  and  I 
part  hydrochlipriir  acid.  sp.  gr.  1 .2,  in  a  ^110  c.c.  beaker  whicii  is  cov- 
ered with  a  waleh-gliu!8.  At  first  the  acid  is  allowed  tu  act  upon 
the  pyrite  in  the  cold,  but  at  the  last  the  reaction  is  completed  by 
heating  upon  the  water-bath.  Then  the  solution  is  transferred 
to  a  porcelain  ei-aporating  dish  and  evaporated  to  diyuess  on  the 
water-bath.  The  rcsitlue  is  treated  with  5  c.c.  of  concentrated 
hydrochloric  acid  and  again  evaporated  to  dryness.  The  dry 
maea  in  now  treated  with  1  c.c.  of  concentrated  hydrochloric 
acid  and  100  c.c.  of  hot  water,  the  solution  filtered  through  a 
small  filter  and  the  residue  waidied  Eii^t  with  cold  water  and  tlien 
with  hot  water.     Thu  hot  filtrate,  of  nut  more  tbuu  150  c.c.  at 

*  J.  de  Pbaim.  ot.  de  Cbimie  [IV],  Vol.  0,  p.  90,  aod  Zcit.  tur  luml.  Chcm., 
TX,  p.  81. 

t  Thfi  prowdiire  is  given  hero,  an  recommendod  by  the  Rctwirt  of  the  Sixth 
Intematioiui  Coogfcm  of  Applied  Chemists,  Kome,  19U6,  VoL  VI,  p.  Ifi. 
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the  most,  is  treated  with  20  c.c,  of  Itl  jht  cent,  iimmunia  and 
kept  at  about  70°  fur  fifteen  minutes.  The  ferric  hydroxide 
precipilale  is  filtered  and  washed  with  hot  water,  whereby  the 
precipitate  is  well  "  churned,"  until  n,  volume  of  aiiout  4.'iO  c.c. 
is  reached.  The  filtrate  is  neutralized  with  hydrochloric  acid, 
using  methyl  omngc  as  indicator,  and  1  c.c.  of  con  con  tm  ted  liydro- 
chtoric  acid  added  in  cxccsw.  Themupcin  the  solution  in  heated 
until  it  begins  to  boil,  when  100  c.c.  of  boiling-hot,  fifth-normal 
barium  chloride  solution  is  added  while  stirriiip  \-tporously.* 

The  barium  sulphate  precipitate  is  washed  three  times  by 
decantation  with  boiling  water,  then  transferred  to  a  filter  an<l 
washed  free  from  chlorides,  dried,  ignited  and  weighed. 

To  test  the  ammonia  precipitate  for  ."sulphur,  transfer  it  from 
the  filter  into  a  beaker  by  means  of  a  stream  of  water  from  the 
wash  buttle  and  dissolve  it  by  tho  addition  of  as  little  hydrochloric 
arid  as  p'-.isible.  The  resulting  solution  is  precipitated  with 
ammonia,  tillered,  and  the  filtrat«  and  washings  treated  as  in  the 
cue  C/f  the  main  analysis.  Should  any  barium  sulphate  be 
obtained  in  this  way,  it  should  be  filtered  off  and  weighed  with  the 
main  part  of  the  barium  sulphate  precipitate. 

Remark. — It  ia  still  better  to  filter  the  precipitate  through  a 
Munroc  crucible.  .Vfter  washing,  the  precipitate  ia  dried  a.s  much 
as  poasilile  by  suction,  the  crucible  placed  within  a  larger  porcelain 
or  platinum  crucible,  heated  gently  and  weighed. 

The  above  method  gives  excellent  results,  which  as  a  rule  agree 
doacly  with  those  obtained  by  the  Frescniua  method.  If  the 
pyrite,  however,  contained  barium  or  any  conaiderable  amount  of 
lead,  some  sulphate  will  always  remain  undissolved  with  the 
gangue.  In  such  cases  the  Lunge  method  will  give  lower  results 
but  on  the  other  hand  it  repreaenta  more  nearly  the  quantity  of 
sulphur  in  the  pj'rite  which  is  available  for  the  manufacture  of 
sulphuric  acid.  In  spite  of  the  strong  oxidizing  power  of  the  above 
mixture  of  nitric  and  hydrochloric  acids,  it  is  not  BufTicicnt  ta 
permit  the  doterniiiiation  of  sulphur  in  roasted  pyrite,  on  account 
of  the  danger  of  lotting  some  sulphur  as  hydrogen  aulphido.    Such 

*Tho  cnnnrDlruttDn  vt  the  precipitant  when  add«l  to  the  aotutigo  at 
thu  bUrc  of  the  Analysis  should  uot  be  ({rcat«r  lliui  fifth  nomiAl,  or  the 
remit*  will  be  too  high. 
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products  arc  fused  with  a  mixture  of  two  parts  sodium  farhonate 
and  one  part  potassium  nitrate  and  the  analysis  carried  out  as 
described  under  the  Frescnius  method. 

D^ermination  of  Sulphur  in  Catt  Iron  and  Sted.     (Noya  and 

Belmer*). 

About  5  gms.  of  iron  or  stool,  In  the  Toi-m  of  fine  borings,  are 
introduced  gmdually  into  an  Erlenmeycr  fliwk  containing  a  cooled 
mixture  of  20<J  c.c.  wattT  and  S  c.c.  bromine,  fn-i'  from  milphur. 
As  soon  a»  all  the  metal  has  dissolved,  tiie  eontents  of  the  flask  are 
heated  to  boiling,  in  order  to  expel  the  slight  excess  of  bromine, 
and  the  Holution  is  filtered  from  any  resiiluc.  Inaamufh  as  the 
latter  frwjuently  contains  an  appreeinhle  amount  of  sulphur,  it  is 
dried,  transferred  to  a  platinum  rrucible,  the  ash  of  the  filter  paper 
added,  and  a  fusion  is  made  with  2  gms.  sodium  earbonate. 
The  erueible  should  be  inelined  within  an  asbestos  shield  to  pro- 
tect its  contents  from  being  contaminated  with  any  snlphur 
from  the  gas  flame.  After  the  sodium  carbonate  ha.s  nieltej.  the 
crucible  is  allowed  to  cool  somewhat,  a  crystal  of  potassium  nitrate 
is  added,  and  the  heating  is  continued.  After  cooling,  the  melt 
is  dissolvetl  in  wat<T,  the  rcaulting  solution  fdteretl,  the  filtrate 
acidified  with  hydrochloric  arid,  heated  to  boiling,  and  tho 
sulphuric  acid  precipitated  by  the  addition  of  5  c.c-.  barium 
chloride  solution.  In  the  following  calculation,  the  weight  of  this 
precipitate  is  called  p. 

The  original  solution  of  the  iron,  containing  the  greater  part  of 
the  sulphur,  is  poured,  while  constantly  stirring,  into  130  c.c.  of 
10  per  cent,  ammonia  water  which  is  contained  in  a  oOO-c.c. 
calibrated  flask.  The  contents  of  the  flnsk  are  well  shaken, 
diluted  with  water  up  to  the  mark,  mixed  by  pouring  back  and  forth 
several  times  into  a  drj*  beaker,  nnd  then  filtered  through  a  dry 
filter,  rejecting  the  first  few  c.c.  of  the  filtrate.  From  the  strongly 
ammoniacal  filtrate,  300  c.c.  are  transferred  by  a  pipette  into  a 
new  beaker,  evaporated  to  100  c.c,  while  avoiding  any  contjimina- 
tion  from  a  gas  flame,  treated  with  five  or  six  drops  of  dilute 


•  J.  Am.  Cbem.  Soc.,  83,  &;&  (1001). 
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hydrochloric  nci<l  anil  the  sulphuric  nrid  prcoipitatpd  by  the 
addition  of  5  c.v.  of  hot,  iionniil  Imrium  chloridr  solution.  Tho 
weight  of  this  precipitate  ia  taken  as  pi  in  the  following  cromputa- 
tion. 

The  sulphur  content  of  the  sample  of  iron  or  steel,  weighing  a 
gms.,  is  then  found  to  be 


BaSOiXa 


I3.73X 


ipt+p. 


'per  cent,  eulphur. 


Hcmark. — ^This  method  is  accurate  and  eaaily  carried  out.  ^VII 
the  sulphur  is  obtained  with  the  exception  of  that  small  amount 
which  is  combined  with  an  organic  radical.  A  great  advantage 
l8  gaineii  by  not  having  to  wash  the  ferric  hydroxide  precipitate. 
A  verj'  slight  error  is  introduced  by  neglecting  the  volume  of  the 
ferric  hydroxide  precipitate,  but  this  is  negligible  in  the  dcter- 
min:iliiin  oi  such  small  amounts  of  sidphur.  The  iron  must  be 
introduced  into  the  bromine  m  very  small  portions  in  onler  to 
prevent  overhoftting  which  woulii  result  in  the  formation  of  ft 
baaic  salt  that  is  hard  to  get  back  into  solution. 


DetcrmincUion  of  Sulphur  in  Iron  and  Sted.     Method  of  Knig* 

Procedure. — H  gms.  of  borings  are  treated  in  a  500-c.c.  roimd- 
bottoimnl  flutfk  with  50  c.c.  concentrated  nitric  acid,  sp.  gr.  1.4 
and  the  rontentJ*  of  the  flask  are  gently  heated.  After  the  reddish- 
brown  vaporw  cease  to  form^  the  acid  is  gradually  healed  up  to  the 
boiling  point.  When  at  the  end  of  an  hour  or  two  the  solution  of 
tlie  irun  is  complete,  0.2^  gm.  of  potassium  nitrate,  dissolved  in  a 
little  water,  is  added,  the  liquid  cvaporatixl  to  dryness,  and  the 
residue  ignited  until  no  more  brown  fum^is  arc  evolved.  After 
cooling,  tho  ferric  oxide  is  dmsolved  by  heating  with  50  c.c. 
concentrated  hydrochloric  arid,  the  solution  evaporated  nearly 
to  dryness,  and  the  treatment  with  hydrochloric  acid  and  evapora- 
tion repeated  until  no  more  chlorine  is  evolved.     The  hydro- 
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chloric  acid  solution  fa  then  rinsed  into  a  bcokcr,  and  any  reeidue 
of  Bilica,  carbon,  etc.,  ia  filtered  off  into  a  porcelain  evaporating 
dish.  The  filtrate  is  Qvaporatx?d  until  a  film  of  ferric  chloride 
forms  on  the  solution,  which  is  rediasolved  by  the  addition  of  a 
few  drops  of  hydrochloric  acid.  After  cooUng  the  ferric  chloride 
solution  ia  introduced  into  a  double  separator}"  funnel,  washing 
out  the  dish  with  hydrochloric  aci<l,  sjj.  gr.  1.1,  but  ket-ping  the 
volume  below  GO  c.c.  30  c.c.  of  fuming  hydrochloric  acid  and 
ether  mixture  (prepared  by  gradually  pouring  ether  into  cold  con- 
centrated hydrochloric  acid,  sp.  gr.  1.2,  solution  until  n  little  layer 
of  ether  is  formed  on  top)  and  100  c.c.  of  ether.  The  mixture  is  well 
cooled  under  the  water  tap  and  thoroughly  shaken.  The  upper 
olive-green  ether  layer  contains  nearly  all  of  the  iron,  the  lower 
lig^tyellowsolution  eontamsall  the  sulphuric  acid.  The  lower  layer 
is  carefully  withdrawn  into  the  other  separatory  funnel  and  the 
ether  solution  is  washed  once  with  a  few  c.c.  of  dilute  hydrochloric 
acid,  sp.  gr.  1.1  which  has  been  saturated  with  ether.  The  ether 
solution  is  shaken  with  this  last  mixture  and  after  standing  until 
two  layers  again  separate,  the  lower  one  is  added  to  the  contents 
of  the  other  separatory  funnel  76  C.C.  of  pure  ether  are  now 
tntroducf^d  into  the  second  separator,*  funnel  and  the  contents 
well  shaken,  this  time  the  cooling  is  unnecessan,-.  The  upper 
layer  will  contain  an  ether  solution  of  practically  all  the  remaining 
iron,  wherc-fts  the  lower  hydrochloric  acid  layer  will  contain  all  the 
sulphuric  acid  and  some  di-tsolved  ether.  The  Itiwor  layer  is 
withdrawn  to  a  porcelain  evaporating  dish,  and  the  ether  contained 
in  it  is  R'movcd  by  evaporating  on  the  water  bath  to  dn-ncss.  To 
the  residue,  a  few  drops  of  hydrochloric  acid  and  a  little  water 
are  added.  The  mlution  is  filtered  and  the  hot  filtrate  treated 
with  hot  barium  chloride  solution. 

lif.mnrk. — In  testing  this  method,  Dr.  Kmg  established  the 
fact  that  a  mixture  of  pure  ferric  chloride,  corresponding  to  5  gms. 
iron,  could  be  treated  with  10  e.c.  of  tenth-normal  sulphuric  acid, 
and  all  of  the  latter  recovered  after  the  ether  separation.  The 
results  wore  found  to  be  more  ndinlilo  than  thaie  obtmned  by 
an  evolution  method. 
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(C)    EXPUL-IION  OF  HYDROGEN  StJLPinDE  FROM  INSOLtniLI 
SULPHIDES. 

(<i)  The  Iron  Method.* 
In  1881,  M.  Grower  shnwetl  that  by  heating  pyrit*  with  iron 
out  uf  cuQiact  with  the  air  the  funiier  la  quuntica lively  cbarigecl 
into  ferrous  sulphides, 

FcS,+Fe-2Fe3, 

and  from  tne  latter  all  of  tlin  sulphur  will  bo  given  off  as  li;'e!ropen 
sulphicio  on  treatment  with  hydrochloric  acid.  In  ISOl  the  autlior 
independently  came  to  the  same  eonelnsion  ami  worked  out  a 
mcthoil  which  pemiita  of  the  dctpmiination  of  sulphur  not  only 
in  pjTJte  but  in  all  other  insoluble  siilphidea. 

Procedure. — ^IHrst  of  all  the  finely  powdered  sulphide  is  heated 
out  of  contact  with  the  air  with  iron  powder.  In  this  way 
part  of  the  sulphur  is  usually  given  up  to  the  iron,  and  the  com- 
pound itself  is  reduced  to  compounds  which  are  acted  upon  by 
hydrochlnric  acid  with  evolution  of  hydrogen  sulphide;  the  latter 
is  absorbed  in  ammoniaeal  hydrogen  peroxide  solution,  as  de- 
scHIxkI  on  p.  347.  The  heating  with  iron  is  accomplished  in  a 
small  ^nas  crucible  about  30  mm.  Ion;;  and  10  mm.  in  diameter 
(Fig.  54,  b),  wliich  can  be  easily  made  from  an  ordinary  piece  of 
combustion  tubing.  About  3  gms.  of  iron  powder  that  has  been 
previously  ignited  in  hydrogen  is  plactMl  in  the  crucible,  from  0.3- 
0,5  gm.  of  the  sulpliiile  is  Ihurougldy  mixed  with  it,  and  the  mix- 
ture U  finally  covered  with  a  thin  layer  of  iron  powder.  Tlie  cru- 
cible is  now  placei]  in  the  opening  of  the  piece  of  asbestos  board  A 
(Fig..54,  6)  and  npc»n  it  is  phice<l  the  gas-delivery  tube  B  which  has 
been  prepared  from  difTicidtly  fusible  glass.  A  stream  of  dry 
carbon  dioxide  f  1^  passed  through  the  apparatus  for  a  few  min- 

•  Bericlil*,  XXIV,  p.  Ifift". 

t  II1C  c4krbon  dioxide  i«  prrpanMl  from  marble  and  Iiydrochloric  avid  in  a 
Kipp  f^nnniitT.  To  punfy  tlie  gas  it  is  paaand  through  a  waob-boltle  con* 
tsiuiiig  Trat«r,  thpn  through  one  oontnining  potnMiuni  penDanganat^,  thiii 
throuich  a  tube  filled  witli  puinico  sonkod  in  copper  8ul[)hat«  solution,  and 
finally  through  a  ralciuin  ctiloridu  tub«.  Putamiiuu  pemuuigaiuitc  and  cop- 
per sulphate  atrve  to  remove  tncM  of  hydragon  Kulphide  tliat  Uk  c&iboa 
tfioxid*  might  contain. 


p 
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utes  and  the  cnicible  is  gently  he&ced  wiUi  a  small  flame.  Usu- 
ally there  is  a  distinct  glowing  visible,  but  no  trace  of  the  sulphur 
is  lost  by  volatilization.  As  soon  as  the  contents  of  tlie  crucible 
have  ceased  to  glow,  the  temperature  is  raised  until  a  dull-red  heat 
is  obtained,  and  the  crucible  is  kept  at  this  temperature  for  ten 
minutes. 

After  cooling  in  the  carbon  dioxide,  the  crucible  together  with 
its  contents  ]s  placed  iii  tlie  400-c.c.  flask  K  and  is  coiuiected  with 
the  absorption  vassels  V  and  /"*  as  shown  in  the  figure.  The  rest 
of  the  prtH'c^lure  is  carried  out  as  described  on  p.  3C.0. 

Remark. — Corninercial  iron  powder  alwaj-s  contains  a  small 
amount  of  sulphur,  so  tliat  a  blutik  e.\periniojit  is  hnst  made  with 
a  weighed  amount  of  the  same,  and  for  the  experiment  proper  the 
Bamo  amount  of  iron  is  used.  The  amount  of  sulphur  found  to 
be  present  in  tlie  iron  is  subtracted  from  the  amount  found  in 
tlie  analysis. 

Tho  author  waa  disappointed  in  not  being  able  by  this  method 
to  distinguish  between  the  sulphur  present  in  insoluble  sulphides 
as  sulpliide  and  that  present  as  sulphate  (barium  sulphate).  If 
the  amount  of  sulphate  present  is  small,  it  Ls  completely  reduced 
to  sulphide  by  this  method,  while  if  a  large  amount  of  sulphate 
is  present,  it  is  often  only  partially  reduced.  As,  however,  the 
amount  of  barium  sulphate*  present  in  insoluble  sulphides  is 
usually  small,  this  method  serves  for  the  determination  of  the 
total  amount  of  sulphur. 

(6)  The  Tin  Method.^ 

Principle. — Almost  all  insoluble  sidphides  on  being  treated 
with  metallic  tJn  and  concentrated  hydrochloric  acid  give  off  all 
their  siilphur  wt  hydn»grn  aulphifle.  Harding,  J  who  Brst  studied 
this  methf)d,  vi.^  tin  and  hydrobromic  acid. 

Procedure. — Into  the  evolution  tube  (Fig.  57),  which  is  20  cm. 
long  and  2.5  cm.  wide,  is  placed  a  layer  of  fmely-powdered  tin  (g) 
about  0.5  cm.  thick.  Upon  this  ihe  substance  is  placed  enclosed 
in  tinfoil  (1)  and  then  a  layer  of  granulated  tin  about  0  cm.  deep 

*  Only  liariiim  sulpbato  is  roJucod  with  difficolty,  the  sulphates  of  Uie 
heavy  meLuU  uro  cotnly  redunsd. 
t  Berichte,  XXV,  p.  2377. 
:  Bcrichte,  XIV,  p.  2085. 


I 


rw.57. 


b  closwl  tmd  tho  tube  conncctcf!  with  the  rvcetvern  P  anH  V,  as 
ehown  in  the  figure.  The  flask  V  contains  an  ammoniacal  solution 
of  hy<lrogm  peroxide,  wliilc  P  contains  2  to  3  cm.  of  water  In  order 
to  remove  any  stannoim  chloride  that  may  lie  carried  over  with 
the  gas.  Concentrated  hydrochloric  acid  \a  now  added  through 
the  drop-fuiuid  until  the  tin  in  at  the  most  half  coverc^l  with  the 
acid.  The  contents  of  the  tube  are  then  wamied  slightly,  prefer- 
ably by  placing  it  in  a  amall  paraffin  hath.  The  capsule  of  tin 
•con  dissolveg,  and  the  subfitance  w  seen  to  be  floating  in  the  acid. 
It  disBolvee  aft«r  about  fifteen  minul«fl,  and  Uie  acid  becomes 
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perfectly  clear.  The  heating  is  eow  continued  until  there  is  no 
moro  yellow  coloration  to  be  detected  in  the  delivery-tube  which 
dips  into  tlic  receiver  l'.  More  acid  is  then  added  to  the  contents 
of  the  tube,  until  the  tin  is  completely  covered  wth  it  and  tho 
heating  \n  continued  for  half  an  hour,  meanwhile  first  heating 
tlie  contents  of  P  to  Iwiling  and  passing  a  current  of  hydrogen 
through  a.  By  this  mcana  all  of  tho  sulphur  will  be  driven  over 
into  V  *  and  is  tliero  held  In  solution  as  ammonium  sulphate  and 
analyzed  as  described  on  p.  300. 

lUmark. — ^Tliia  method  affords  an  accurate  means  for  deter- 
mining  tho  sulphur  present  in  insoluble  sulphidts;  as  sulphide  in 
tho  presence  of  sulphate.  Thus  the  amount  of  pyrito  in  clay-slato 
that  contains  g;^'psum  can  be  detemuued  by  this  method,  although 
usually  the  treatment  with  aqua  re^a  or  fusion  ^nth  soda  and 
nitre  is  used.  By  these  last  two  methods,  however,  the  (oifjf  sulphur 
is  deleraiinod.  More  accurate  values  for  the  pyrite  present  in  such 
cases  may  be  obtained  by  decomposition  in  a  current  of  chlorine 
(see  p.  Sj'j),  in  which  case  only  the  sulphide  sulphur  is  detenuiaod, 

Finallj,  it  may  be  mentioned  tliat  arBcnio  sulphide  may  be  dfr 
composed  by  tlio  above  method,  although  a  longer  time  in  rcq^inred 
than  13  tliG  case  with  pyrite,  copper,  chalcopyrite,  galena,  cinnabar, 
etc.  Arecnopyritc,  on  tho  other  hand,  is  either  unacted  upon  oi 
only  dccomposctl  with  difficulty,  while  tho  iron  method  effects  t!ie 
decomposition  with  case. 

Determination  of  Sulphur  En  ITon-electroIjrtes. 

In  order  to  iletcmiine  the  amount  of  sulphur  present  in  organic 
compoundu,  it  Is  oxidized  to  sulphuric  acid  and  determined  as 
barium  sulphate. 

The  oxidation  is  effected 
(a)  In  the  Wd  Way. 
(6)  In  the  Dry  Way. 

(a)  Oxidation  in.  the  Wet  Way  (Cariui), 
Thia  operation  is  conducted  in  precisely  the  same  manner  as 
was  described  on  p.  32.')  fnr  the  determination  of  halogens,  except 

♦Wltli  Iftrge  amciiiiiU  of  milpliur,  mitt  receiver  U  ofien  iimulficieiit.  In 
■ucb  ctuee9  tho  lubo  b  is  connvcttHl  with  a  P^lignt  tube  coutftining  ammciUMi] 
bytlrofca  peroxide  ut  ^own  iu  ¥if.  M,  p.  351.  ^ 
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In  this  case  there  is  no  silver  nitrate  added  to  the  contents  of  Um 
tube.  After  the  closed  tube  has  been  heated  and  opened,  its 
contents  arc  transferred  to  a  beaker,  hydrochluric  acid  is  added^ 
and  the  liquifl  is  evaponiled  to  a  stnall  volume  in  order  to  remove 
tliie  nitric  acid;  it  is  then  diluted  with  water  to  a  volume  of  ubout  200 
OX.  and  precipitated  hot  with  a  boiling  solution  of  barium  cbloiidc 
and  weighed  as  barium  sulphate. 

(6)  Oxidaiion  in  Me  Dri/  Way  (Idebig). 

A  mbrture  of  eight  parts  potassium  hydroxide  (froe  from  sul- 
phate) and  one  part  of  potassium  nitrate  is  melted  in  a  large  silver 
«rucible  with  the  addition  of  a  little  water.  After  cooling,  a  weighed 
amount  of  the  substance  is  added  and  the  contents  of  the  crucible 
agun  heated  very  gradually,  frequently  stirring  the  mixture  with 
a  silver  wire  until  the  organic  sulistanf  e  is  completely  decomposed. 
After  cooling,  the  melt  is  dissoivetl  in  water,  acidified  with  hydro* 
chlorio  acid  and  the  sulphuric  acid  formed  is  precipitated  and 
weighed  as  barium  sidphate. 

This  method  is  particularly  suited  for  tho  determination  of  sul- 
phur present  in  difficultly  volatile  substances,  e.g.,  in  wood-cementa. 

ClI, 
ACETIC  ACID,  I  .     Mol.  Wt.  60.03. 

COOH 

Free  acetic  acid  is  always  determined  volumetrically.  For 
the  analy^  of  acetates,  tho  substance  is  heated  with  phosphoric 
acid  when  tho  free  acetic  acid  distils  over  and  is  then  titraterl 
(cf.  Part  II,  Acidimetry),  The  carbon  ant!  hyilrngen  of  the  acetate 
caa  be  determined  by  Klementary  Analysis  (which  see). 

CTAltlC  ACID,  HOCN.    SIol.  Wt.  43.02. 

The  only  method  for  examining  cyanatcs  consists  o'  detor- 
tnining  the  amount  of  carbon  and  nitrogen  present  by  a  combus- 
tion (see  Elementary  Analysis). 

Detennlnation  of  Cyanic  Acid,  Hydrocyanic  Acid,  and  Carbonic 
Acid  in  a  Mixture  of  their  Potassium  Salts. 
In  one  portion  of    tho  sulr^iance  the  carbonic  acid  ia  deter- 
min»l  by  tho  a«Mition  of  calcium  chloride  to  the  ammoniacal  solu- 
lioa  and  weiglung  tlio  ignited  precipitate  as  •*^lcluni  oxide. 
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In  a  aecond  portion  the  cyanogen  of  lUc  cynnide  is  deter- 
mined as  silver  cyanide  by  treating  the  aqueous  solution  with  an 
excess  of  silver  nitrate,  then  acidifying  with  nitric  ucid  and  dct«i> 
niining  the  weight  of  the  silver  eyanide  as  described  oil  p.  32S. 

In  a  third  portion  the  potassium  is  deteniiiiied  by  evaporating 
with  sulphuric  acid  and  weighing  the  readue  of  potassium  sulphate 
as  dcscribc<l  on  p.  41.  If  from  the  total  amount  of  potassiuna 
present  the  amount  present  as  potassium  carbonate  and  potassium 
cyanide  ia  deducted,  the  difference  gives  the  amount  of  potassitim 
combined  with  the  cyanic  acid. 

Hypophosphorous  Acid,  Hj?o,.    MoI.  Wt,  66.06. 
Fornis:  Mercurous  Chloride,  Hg.CU;  Magnesium  Pyrophosphate, 

(a)  Determination  as  Mercurous  Chloride. 

The  solution  of  the  salt,  which  \a  slightly  acid  with,  hydro- 
clUoric  acid,  Is  treated  with  an  excess  of  mercuric  chloride;  by 
this  means  in.'wiluble  mercurous  chloride  is  precipitated.  After 
standing  U>t  twenty-four  hours  in  a  warm,  dark  place  the  precifH 
itate  is  filtered  through  a  Gooch  crucible,  washed  with  water 
dried  at  110*  C,  and  fnjm  the  weight  of  tlie  mercurous  chloride  tho 
amount  of  hypophosphorous  acid  present  is  calculated  as  follows: 

H^,+  21IjO  +  -iHgaa  =  2Ug,Cl,+  4HC1  +  H,ro, 
2Ug,Cl,:H,P0,=  p:i 
H,FO,-p 

2Ug,Cl. 

!n  which  p  ia  tho  weight  of  tho  IlgjClj  obtained  in  the  anal)-sis. 

(&)  Determination  as  Magnesitun  Pyrophosphate. 

First  of  all,  the  pliospUtiriJus  acid  is  converted  into  piiosphoric 
ftcid  by  adding  5  c.c.  of  concentrated  nitric  acid  to  the  aqueous 
solution  (if  from  0.5-1  gm.  of  tiie  substance  in  about  100  c.c.  of 
water,*  evaporating  on  the  water-bath  to  a  small  volume,  adding; 
a  few  drops  of  fuming  nitric  acid  and  again  heating.  After  tliis  the 
phosphoric  aci<l  is  precipitated  by  magnesia  mixture  and  the  pre- 

*  If  tb«  hypopha'tptiite  w<>r«  at  aiic«  tr«at«(I  with  nitric  «cid,  oietapbo*- 
phorio  acid  wuoid  be  obtninvd;    by  thv  wlditiou  of  water  the  ortbo-Mlt  H 
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cipiiate  IS  weigheil  as  tnagneaiuin  pyrcji]]ioi!j}hii.te  aa  described 
unJer  i'hosphoric  AciJ. 

GROUP  m. 

SULPHUROUS.    SF.LEMOITS,     TKLLtTItOUS      PHOSPHOnOUS,   CAR- 
BONIC. OXALIC.  lOllIC.  Rome,  MOLYUDIC,  TAilTAltIC,  META- 

AM>  pvuomospuoitic  Acius, 

Sulphurous  acid,  H^SOj.    MoI.  Wt.  82.09. 
FuTTTi:  Barium  Sulphate,  BaSO,. 

TIiG  sulphite  or  five  svilphurous  acid  is  first  oxidized  to  Bu)- 
phuric  acid  and  then  precipitate<l  with  barium  chloride. 

The  oxidation  can  be  acconiplishefj  by  means  of  chlorion, 
broniine,  hydroj^n  peroxide,  or  potasj^ium  percaibonate. 

Oxidation  vnJh  Chloriru  or  Bromine. 

CUorino  or  bro:iiine  water  is  allowed  to  flow  gradually  into 
the  aquonus  solution  of  sulphurous  acid,  or  o£  a  sulphite,  the  excess 
of  the  reagent  is  subsequently  reiiiovcMl  by  boiling  and  the  sulphuric 
AOii  is  precipitated  with  barium  cldorido. 

Oxidation  with  ifydrogen  Peroxide.* 

The  Bolutton  of  sulphurniis  acid  or  of  a  sulphite  is  treated 
with  an  excfiis  n(  ammoniaeal  hydrogiiin  peroxide,  heated  to  boil- 
ing in  order  to  remove  the  excess  of  tho  peroxide,  acidified  with 
hydrochloric  acid  and  precipitated  with  bariutu  chloride  aftci 
making  acid  with  hydrochloric  acid. 

With  potassium  pcrcarbonato  a  similar  procedure  is  used. 
The  alkaline  solution  of  the  sulpiiite  is  treated  in  llic  cold  with 
■olid  potassium  percarbonate,  genily  heated,  after  which  the  tem- 
perature is  gratlually  raised  till  the  bitiliiiK-point  is  reached. 
The  solution  is  then  acidified  with  hydrouliloiic  acid  aitd  pre- 
cipitated with  barium  chloride. 

*  Tlir  liydniKirii  pemxidc  must  nlways  t>e  t««t«(l  to  Bee  if  it  ermlninM  itul* 
pburic  acid;  if  it  in  found  to  lj«  pn<«riit,  the  smount  is  dctcmtlDcd  and 
■fterivBrd  «b  accurately  mcasunid  c|iuinlity  is  umh]  for  tli'O  oxidation.  Tha 
■mount  of  Bolphunc  arid  from  the  pciuxide  i&  deducted  frum  Ui«  loud  voliM 
found  in  tba  analysis. 
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Sulphurous  acid  may  be  determined  very  aoourately  by  »  rolifc 

metric  analv-sis  (cf.  Part  II,  lodimetry). 

Selenous  and  Tellurous  Acida. 

The  aiial>-^of  these  scida  was  ducuased  under  Selemum  and 
XeUu^ium. 

Phosphorous  Acid,  U.PO,.    Mol.  Wt.  82.0G. 

Forms:  Mercurous  Chloride,  Hg.Cl,,  ami  Magnesium  Pyro- 
phosphate, MgjP.O,. 

This  deteniiiuHtion  in  effected  exactly  as  that  of  hypoplms- 
phorouB  acid  (cf.  page  372). 

In  tliis  caae,  liow<;v»3r,  it  is  to  bo  noted  that  1  moL  HgjClg  oor* 
reepondu  to  I  mol.  H,PO,: 

H^O,+2HgCl,+Il,0=H^*0,+2Ha+H&Cl^ 

Determination  of  Phosphorous  and  Hypophosphorous  Acids^ 

In  this  case  an  indirftct  analysis  must  bo  made.  Aftei  oxidizing 
one  portion  of  the  substance  to  phosphoric  acid,  the  total  amount 
of  magnesium  pyroi>hosphate  is  found ;  mercuric  chloride  is  allowed 
to  act  ufMin  a  second  portion  and  the  weight  of  the  mercurous 
chloride  formed  is.  determined.  From  these  data  the  amount  of 
each  acid  present  can  be  calculated  as  follows: 

Suppose  we  have  a  solution  containing  the  two  acids.  Let  us 
denote  by  x  the  amount  of  hyiJophosphorous  acid  prosoni  in  V  o.c. 
of  the  solution,  and  let  ox  represent  the  amount  of  mercurous 
chloride  produced  from  it  and  mx  the  amount  of  magnesium  pyro- 
phosphate.  Further,  let  y  represent  the  amount  of  phosphorous 
acid  present  in  the  same  volume  of  the  solution  and  vy  the  cor- 
responding amount  of  mercurous  chloride  and  ny  that  of  mag- 
nesium pyrophosphate.  The  total  amount  of  tlw  mercurous 
chloride  is  q,  while  the  total  amount  of  magaesiiim  pyrophosphate 
is  p.     We  have  then 

ox-\-vy—q 
from  which  it  follows 

*-g— ^ p— H — =70.1402-p. 0.5923 


on— mil     'on~mv 
In  these  equations,  m,  n,  o,  and  v  have  the  following  values; 


'HaPOa 
Carbonic  Acid,  H,00,.    Mol.  Wt.  02.02. 

Carbonic  acid  is  determined  Rraviiiietrically  as  CO,;  but  a 
more  accurate  determination  is  effected  by  expelling  this  gas  and 
measuriug  itfl  volume. 

Gravimetric  Determination  of  Carbon  Dioxide. 

Ttiis  analysis  may  be  accomplished  in  two  ways,  First,  ws 
may  weigh  Uie  iiul»tance,  expel  the  carbon  dioxide  and  then  weigh 
it  again,  when  the  ditTertuicc  will  repreiient  the  aniuunt  cif  gas. 
Second,  the  carbon  dioxi<lo  may  bo  expelled  from  a  weighed 
amount  of  the  substanoo  and  then  absorbed  in  a  suitable  appa* 
ratus;  In  this  case  the  carbon  dioxide  is  \7eighed  directly. 

A,    PETKKIUNATIOX  OJ  CARBONIC  ACID   BT  PIFTKREMCK. 

(a)  Detcrminalion  in  th^  Dry  Way. 

For  the  analysis  of  a  carbonate,  itr  a  mixture  of  carbonates 
which  contains  no  volatile  constituent  otlter  than  the  carbon 
dioxide,  I  gni.  uf  the  substance  ih  weighed  into  a  platinum 
crucible  and  gradually  lieated  tu  a  high  temperature.*  In  case 
calcium,  Blrontium,  or  magnesium  is  present  a  fmal  heating  over 
the  blast-lamp  is  necessary,  while  with  other  cnrtMinati'S  the  heat 
of  a  gocnl  Teelu  burner  is  euilieicnt;  even  the  diflicultly  decom- 
posable cadmium  carbonate  can  bo  analyzed  by  this  method.  Hie 
carbonates  of  barium  and  the  alkalies,  on  the  other  hand,  do  not 
loee  their  carbon  dioxide  on  ignition. 

*Cftrhnnie  arid  cannot  be  determinccl  by  this  method  when  the  rwdu&l 
mddft  miHen  change,  u.  (or  example,  in  tbo  cam  of  FcOO,  aad  MnCO|  wben 
ma  oxidAtioD  would  take  place. 


\ 
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If  the  substance  contains  water  besides  carbon  dioxide  then 
the  sum  of  the  watcr+  carbon  dioxtrle  is  deterrninetl  by  tht?  loss  f>n 
ignition,  and  tho  amount  of  carbon  dioxide  is  detoniiiiicd  in  a  sec- 
ond portion  by  (ft). 


P 


(6)  DcUriidiuUiun  in  the  Wet  Way. 

Principle. — ^The  weighed  carbuiiato  is  placed  in  an  appar-itug 
ccntainiug  acid,  but  in  such  a  way  tliut  the  former  does  not  at  first 
ODUiG  in  contact  with  the  latt-er.  The 
whole  apparatus  is  then  weighed,  aft<.'r 
which  the  acid  is  ahowed  to  act  upon  the 
substance,  when  carbon  dioxide  is  evolved  ^ 
and  escapes  from  the  apparatus.  (Cure 
Diust  be  taken  that  no  tiiolsture  escapes 
■with  the  gas.)  Ity  aft-erward  wri^'hlng 
the  apparatus  and  subtracting  this  %veight 
from  that  first  obtained,  the  weight  of 
the  carbon  dioxide  is  ascertained. 

pToci-durt:. — This  analjisis  is  easily 
accomplijihed,  and  a  liarge  number  of 
ditlereiit  forms  of  apparatus  have  been 
devised  for  tiiis  pui'pose.  In  this  book, 
however,  only  one  of  these  so-called  alka- 
limetere  will  be  described,  namely,  that 
gf  Mohr,  which  in  an  improved  fonn  ja 
shown  in  I'l^.  oS,  although  It  must  be 
stated  that  many  other  forms  (e.g.,  those 
of  ISunscii,*  Shrotter,  Geissler,  I'rcse- 
nius-Will,  etc.)  answer  the  purpo-se  equal- 
ly well. 

Tlie  alkalimeter  consist*  of  the  small,  wide-mouthed,  flat-bot- 
tomed flask  /'',  wliich  lias  a  ground-glass  connection  with  the  tubes 

*IolhoGcna&o  Dditiou  of  this  book,  Bunaen's  alkAlimftor  is  dt^cribed 
llitte«il  of  Molifft.  The  above  npparntii-i  bus  the  (vdvanLagc  of  bitving  ftstop> 
cook  to  separate  the  acid  coinpartiupiit  from  the  AasIc,  boaidea  having  a  flat 
bottom,  upon  n-hicli  it  will  n-9>t  uimiipjNjrLvd.  It  li  ilU  mmdu  of  vurftluB 
|laas  and  weighs  conipaiati^'uly  little. 
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A  and  B.  At  the  bottom  of  B  is  ]>lafiC(l  a  loose  wad  of  cotton ;  a 
cylinder  of  glazed  i)ai>cr  about  3  cm.  wide  is  introduced  into  the 
neck  of  the  tube,  and  llirougli  this  cylinder  sotne  pieces  of  sifted 
caldum  chloride*  arc  poured.  The  paper  cj'linder  ia  removed 
after  the  tube  is  about  three-quart  ere  full  of  calcium  chloride,  and 
care  is  taken  tu  sec  that  nunc  of  Uic  latter  adheres  to  Uie  glass 
above  ttie  filled  portion.  Another  wad  of  cotton  is  then  placed 
in  the  tube,  the  tfjp  is  placed  upon  it,  and  the  tube  is  closed  tempo- 
rarily at  (/  by  means  of  a  piece  of  stirring-rod  within  rubber  tubing, 
Tlib  tube  should  be  kept  closed  when  not  in  use  to  prcveut  the 
g3!adiml  ahBorption  of  moisture  from  the  air.  Two  ordinarj-  cU- 
duni  chloride  tubes  are  filled  iti  the  same  way  about  Iwn-thirds 
full,  but  in  this  case  softened  cork  stoppers  are  placed  at  the  cn<] 
of  the  tubes  af1«r  the  sewjnd  wad  of  cotton.  Through  a  ht.le  in 
each  stopper  a  short  piece  of  ;rliLss  tubing  with  roundwl  ends  is 
introduoe»1,  and  the  cork  is  shoved  far  into  the  tube  with  the  help 
of  a  stirring-rod,  leaving  the  outer  2  or  3  mm.  empty.  This  space 
in  the  tube  ia  filled  with  molten  sealing-wax,  so  that  a  perfectly 
air-tight  connection  is  made.  These  tubes  arc  also  closed,  when 
not  in  use,  by  stirring-rod  within  rubber  tubing. 

Before  begiiuung  the  detcnnination  the  apparatus  must  be 
clean  and  drj-.  It  is  not  advicaljle  to  dry  the  flaak  by  washing 
with  alcohol  and  ether,  but  it  should  be  gently  heated  while  a  cur- 
rent of  dry  air  is  sucked  through  it.  Aa  as-jjirator  an  inverted 
wash-bottle  may  be  used,  from  which  the  water  is  allowed  to  run 
out  iiiowly  through  the  shorter  tube.  During  the  aspiration  the 
small  calcium  chlori<!e  tubes  arc  connected  with  c  and  <J  respect- 
ively, so  that  no  moisture  can  ent-er  the  flask. 

When  all  ih  ready  the  finely- powdered  substance,  which  has 
been  driotl  at  100°  C.  and  coo'ecl  in  a  desiccator,  is  placol  in  a 
weighing-tube,  fmm  I  to  1.5  gms.  are  transferred  to  the  flask  and 
a  little  water  is  addcd.f    The  tube  A  ia  now  filled  two-thirds  full 

*  Xa  roiiunercinl  calcium  chloride  always  contniiis  n  littlo  fine  lime,  Kune 
earbon  dioxide  will  Ik-  ubBorln-d  l>y  it  aud  roiiMcqticiitly  tow  kmuIu  obUiincd 
in  th'' nniilyns,  unli!0  the  calcium  rbloridc  is  aEiturat<<<i  m-ith  nution  dioxide 
bcfoTf  tht  aiiaJyaiB  u  made  {sec  fcKit-noU-,  p«gc  3S0). 

t  ThU  riiotli(Hl  i*  t^ima  used  for  tlw  detenninution  of  tlie  rarlmnic  nrid 
bi  bokiiiit-po^^rs.  Such  substJiorvs  nro  dci-umpniird  by  wat«r  so  that  thejr 
flbould  lie  krpi  dry  until  afivr  the  a[iparatus  hu  \xva  wig^ixd. 


* 
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■with  hydrochloric  acid  (1  part  concentrated  ncid  to  4  of  water)  by 
means  of  a  small  funnel  or  thistle  tube,  and  the  stop-cock  T 
niiist  be  turned  so  that  nunc  of  the  iicid  will  run  into  the  Bask. 
The  whole  apparatus,  as  shown  in  Fig.  oS,  [»  now  placed  upon 
the  balance-pan  and  accurately  weighed.  Tlie  stop-cock  T  is  then 
opened  so  that  the  acid  in  A  slowly  drops  into  the  flai^k.  As  soon 
as  the  evolution  of  carbon  dioxide  begins  to  take  place  quietly,  the 
apparatus  is  allowed  to  stand  without  watclung  for  about  half  an 
hour.  At  the  end  of  this  time  all  of  the  acid  will  have  passed  into 
the  flask,  and  the  decomposition  will  be  nearly  complete  in  most 
cases.  It  now  remains  to  reinovo  all  carbon  dioxide  absrirhctl  by 
the  liquid  and  contained  in  the  apparatus.  Tliis  is  effected  by 
gently  heating  the  solution  by  means  of  a  small  flame  until  the  acid 
just  begins  to  boil,  meanwhile  aspirating  a  current  of  dr)'  air  through 
c  and  out  at  d.  Not  mure  than  three  or  futir  bubbles  of  air  per 
second  should  be  allowed  to  pattH  through  the  flask.  As  soon  as 
the  boiling  begins,  the  flame  is  removed  and  the  slow  current  of 
air  is  still  passed  through  the  apparatus  until  it  is  cohl.  It  is  thea 
stoppered  and  allowed  to  stand  near  the  balance  for  half  an  hour 
or  more,  after  which  it  is  again  weighed  without  the  stoppens.  The 
loRS  in  weight  represents  the  amount  of  carlron  dioxide  originally 
present  in  the  substance  as  carbonate. 

Remark. — ^Tliis  method  affords  excellent  rcsulta  in  the  esti- 
mation of  large  amounts  of  carbonic  acid,  but  it  is  unreliable  for 
the  analysis  of  sniull  amovinla  such  as  are  present  in  cements, 
etc.  In  such  cases  the  Fresenius-Classcn  or  Lunge-Marchlewski 
method  is  better     (Hee  p|i.  3S0  iind  388.) 

The  objection  to  this  method  lies  in  the  fact  that  owing  to 
the  size  and  weight  of  the  apparatus,  there  is  likely  to  be  an 
error  in  making  the  two  wcigliings.*  On  the  other  hand,  it  is 
unquestionably  true  that  it  is  easier  to  expel  carbon  dioxide 
from  a  solution  than  it  is  to  absorb  it  quantitatively. 

B.   WRRCT  DETERMINATION  OF  C.\RBON  DIO.XIDE. 

Here  again  Ihe  dctcrmiuauou  can  be  carried  out  both  in  the 

dry  and  wet  ways. 

•  Thura  is  suiiic  iliLngfT  of  losing  a  littlo  hydro chloniT'aciil  gus  Juniig  the 
opomtii>n.  To  prevent  tluH  the  calrium  chloride  may  be  replnctNi  Ity  pumice 
imprvgnntctt  with  ttiihydnnoB  copper  nulphate,  or  the  carbonate  may  be 
dc«ompo»ed  by  mpans  of  Mulphurio  acid. 
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(a)  Determination  in  the  Dry  Way. 

From  oae  to  two  grams  of  the  substance  are  weigliotl  out  into  a 
porcelain  boat,  and  tiie  latter  is  shoved  into  the  middle  of  a  horiion- 
t&Uy  held  glass  tube  which  is  about  20  cm.  long  and  1-1.5  cm.  wide, 
and  made  of  diificultly  fusible  glass.  Both  ends  of  the  tube  are 
provided  with  caleium  chloride  tubes  connected  with  it  by  moans  of 
tightly -fitting  rublwr  stoppers.  Through  one  of  the  calcium  chloride 
tubes  a  slow  stream  of  air  (free  from  carbon  dioxide)*  is  conducted 
aud  the  other  is  connected  with  two  weighed  soda-lime  tubes  (cf. 
p.  3S0) .  The  aubslauec  is  heated  gradually  until  it  glows  strongly, 
nioauwliik  {.lussiug  u  slow  but  steady  current  of  air  through  the 
apparatus.  When  tliere  is  no  further  heat  effect  to  bo  detected 
lu  the  soda-lime  tubes,  the  substance  is  allowed  to  cool  in 
the  current  of  air  and  the  soda-lime  tubes  are  subseiiuently 
weighed.  The  increase  of  weight  represents  the  amount  of  carbon 
dioxide. 

Ranark. — This  method  can  be  employed  for  the  analysis  of 
all  carbonates  uiih  the  ccccption  of  those  of  barium  and  the 
alkalies,t  tiiougli,  of  course,  no  other  vuliitile  acid  can  be  present 
at  the  same  lime.  Water  is  kept  back  by  the  calcium  chloride 
tube. 

Example:  Anahjmt  of  White  Lead. — White  lead,  provided  it  is 
free  from  acelale  (which  nmst  be  shown  by  a  quahtative  test), 
can  be  accura(4!ly  and  ex|>ediliciu8ly  aiialyitwJ  by  the  above 
methiKl.  It  is  a  batiic  carbonate  of  lead  and  contains,  therefore, 
lead  oxide,  carUin  diuxiile,  and  water,  while  it  is  often  contami- 
nated with  sand. 

The  analysis  is  conduclei]  as  above  described  except  that  in 
this  case  the  calcium  chloride  tutm  wliich  is  connected  with  tho 
soda-lime  tubes  is  wcigheil.  Tho  gain  in  weight  of  the  former  repre- 
senta  the  amount  of  water  in  the  Bub8t4mce.  the  gain  in  weight  of 
tho  ktii-r  shows  the  amount  of  carbonie  acid  present,  while  if  tho 


*Th»  sir  ia  paoBcd  through  two  wm^>bottlee  containing  caustic  putjuh 
■Julian. 

t  Evf^n  thfi  rarfaonntce  of  tho  nllcolira  and  of  barium  can  bo  analysod  In 
4h«  t  r  if  *h*v  frf?  muml  witli  pot^usiuni  bichromate. 


j8o     GRAt^lMErniC  mTeRMlNMTtOhl  OF  THS  METMLLOiDS. 

readuc  in  the  porrplain  boat  is  wpighcd  the  amount  of  lead  oxide 
is  dotcrnuntd.  .4ftpr  weighing  tiie  latter  the  lead  oxide  is  treated 
with  hot,  dthite  nitric  acid,  when  it  will  dissolve  to  a  clear  solution 
if  pure,  while  any  sand  will  remain  behind  as  an  insoluble  residue. 
If  there  is  n  reHJclun  it  i«  filtered  off,  ignited,  and  weighed.  By 
deducting  the  latter  from  the  original  weight  of  the  residue  in  the 
porcelain  boat,  the  weight  of  the  pure  lend  oxide  is  obtained. 

(b)  DcUrmination  in  the  ir«i  Waj/,  ajier  Frcsenius-Ciaesai. 

The  apparatus  necessary  for  this  dctcmii nation  is  shown  in 
Fig.  riO.  It  consials  of  a  decomposi lion- flask  of  about  400  c.c. 
capacity  provided  with  a  c4MidL'n.«<jr  and  connected  with  the  drying- 
tubes  a,  b,  and  c  aud  with  thu  weighed  soda-Uitie  tul>es  d  and  ^ ;  *  /  is 
a  protection  tube  whosu  krft  urni  is  filled  with  caltiucu  fhloriide  and 
whose  right  arm  coiitaiiia  suda-iiuic.  Tlie  lirst  drying-tube,  a, 
contuLtiB  glass  bead^s  wet  with  concentrated  sulphuric  acid,  while 
b  and  c  contain  granular  calcium  cliloride.t 

Procedure. — Thy  esubstauce  is  weighed  out  into  the  dry  flask, 
covered  with  a  Utile  water  in  order  to  prevent  losd  of  the  substance 
and  a  slow  current  of  air  (free  from  carbon  dioxide)  is  conducted 
through  the  apparatus  in  order  to  remove  any  carbon  dioxide 
that  may  be  present  in  the  flask  or  in  the  three  drying-tubes. 
While  the  air  is  being  k^l  through  the  apparatus,  tho  Hoda-limo 
tubes  are  carefully  wiEHid  with  a  linen  {iluth  and  weighed.  The 
current  of  air  is  now  stop{)ed,  the  weighed  tubes  arc  connected  with  e 


♦  The  riglil  Rnii  «f  llie  lix^t  aoda-Firac  tube  ia  one-third  fillM  with  CAlcium 
cbloriJe  in  order  to  nli^orlt  llm  wiLh-r  «rl  Siuc  Iiy  tin"  jiltMirpttou  of  llie  ciiriwa 
dioxide  hy  the  •odm-Unie,  2\ftOH+CO,-Na^'0,  +  U/J. 

f  Aa  oommervial  culcium  chloride  alwiiyn  coiituiny  Itiiic  whioh  will  ubeorb 
earboo  dioxide,  it  mu.>it  be  antumtcd  with  Una  (;iu  bctora  the  detorrainatian 
M  miide  For  tbia  purpose  a  dr^"  nurrcut  o(  (he  gnu  >»  conducted  through 
the  tubes  lor  one  «r  two  minutes,  tbo  oulcr  end  of  the  tube  is  tliirn  closed 
by  meaiu  of  a  nhiss  rod  witlnn  h  pW-n  ol  ruliber  tubing  nnd  the  other  end 
ifl  ktrpt  connccl«d  with  ibe  ICipp  generator  Jor  Lwwlvo  hours  At  thr  end 
or  that  time  the  ciceesa  of  rArhoii  dioxids  is  iciooved  by  piuistng  a<r  throu^ 
the  tutxis  tor  ttronty  rnimucfi  The  air  Is  freed  from  rarlxin  dioxide  and 
drinJ  Uy  p&smnn  through  two  bottle*  oontainlog  eoncentnteri  caiutic  pota«b 
fOti>(v>t>  vW  1|»^  thjvuar^  A  long  tube  filled  with  Cftlciuiu  chloride. 
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on  the  one  hand  and  with  /  00  the  other,  after  which  a  slow  stream 
of  hydrochloric  acid  (1:3)  Is  allowed  to  flow  upon  the  substance 
From  the  funnel  T,  causing  an  immediate  evohition  of  carbon 
dioxide  gas.  Tlie  stream  of  acid  is  regulated  so  that  not  more 
than  3-4  bubbles  per  second  of  gas  pass  through  a.  When  all  of 
the  acid  has  lx*n  added,  the  contents  of  the  flask  are  slowly  heated 
to  boiling  and  while  the  solution  is  Ixjiling  gently,  a  slow  current  of 
air  in  passed  through  the  apparatus  uo  that  not  more  than  2-3 


Flo.  50. 


bubbles  per  second  pass  through  a.  During  the  whole  operation, 
cold  water  is  allowed  to  flow  through  the  condenser;  in  this  way 
thp  water  vapor  is  condensed  and  flows  bock  into  the  flask  instead 
of  reaching  the  sulpliurin  acid  in  a;  consequently  the  contents  of 
the  Utter  tube  sclclorn  have  to  be  renewed,  .\lm03t  all  of  the  car- 
bonic aci<l  M  ah*orbed  in  the  first  soda-Umc  tube,  as  may  be  ascer- 
tained by  the  heat  effect  there.  The  second  tube,  c,  should  remain 
perfectly  cold  provided  not  more  than  0.5-1  gm.  of  the  carbonate 
wu  taken  for  the  analysis.  When  ail  of  the  carbon  dioxide  haa 
been  ahmrhed  the  tul>c  d  quickly  cools.  As  soon  as  this  has 
taken  place,  the  flame  is  removed  and  a  somewhat  more  rapid 
current  of  air  \a  cnnductcil  through  the  apparatus  for  twenty 
minutes  more.  The  siMla-lime  tubes  are  then  removed,  stoppered, 
and  allowed  to  stand  In  the  balance  case  for  twenty  minutes,  in 
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order  to  acquire  fhe  temperature  of  the  balance;  they  are  then 
weighpd. 

Remark. — ^The  results  obtained  by  this  racthoti  are  perfectly 
satisfactory.  For  the  analysis  of  stibstanros  containing  small 
amounts  of  carbonate,  from  3-10  gms.  arc  taken  for  the 
analysis. 

If  tlic  Buliatance  contains  besides  the  carbonate  a  sulphida 
which  is  decompa-wiblc  with  acid,  a  tube  containing  piiniiua 
impregnated  witli  c(>pp<T  sulphate*  itt  intnuUifccI  initwroii  n  and  b, 
and  this  serves  to  absorb  alt  of  the  hydrugen  sulpliide  evolved. 

Sulphites  interfere  with  this  dcteiniination,  but  the  difficulty 
can  be  nvercome  by  first  deeompoaing  the  carbonate  with  aH 
excess  of  potassium  diehromatKC  solution  and  adding  a  Uttle 
dilute  sulphuric  aeid  toward  the  end  of  the  operation,! 

The  Fre.'icnius-CJiassen  method  is  suitable  not  only  for  the 
determination  of  carbon  dioxide  in  solid  substances,  but  also  for 
the  analy.sis  of  carbonates  in  solution  provided  little  or  no  free 
carbonic  acid  is  present.  la  case  considerable  amounts  of  the 
latter  are  to  be  estimated,  aa  in  the  case  of  many  mineral  waters, 
the  analysis  is  conducted  as  follows: 

Deierminalion  of  Total  A  mount  of  Carbonic  Acid  in  Mineral  Waters. 
From  3  to  4  grna.  uf  frcHlity-burut  lime  I  and  the  same  anumnt 

*  Hixty  giiiB.  uf  pumiuv  iii  piL-i'i-M  abuul  the  aizo  of  a  poa  srti  plucixl  in  s 
pon':('tiun  dish  and  covrreil  nnlh  a  iMtac^ntrated  noliitina  itf  IW-SR  gms.  of 
copper  sulphate.  The  solution  is  evaporated  to  dr>'nc!V  with  conKtiint  Btirring 
luiil  the  r(«due  allowed  to  remain  in  the  hot  clofwt  at  IfiO-lflO'  C  for  four 
or  five  hours.  At  thim  tcinjopTiitiire  Iho  (r<i|i|)fr  Kiitplintr  i«  fmrtly  <l4ihytlrAted 
Bod  ia  this  condition  it  absorbs  hydroRen  sulphide  more  readily  thiin  when 
in  thL^  hydrous  Lnjudiliuu.  It  ciuinut  be  hL'ivte>.L  hitchc-r  tlmn  tli«  ubovc  t«m- 
pomturi'.fiEi  <ithimviec  suuiu  sulphur  diuxidi;  is  formed  which  would  bu  ubaar^ed 
hj  the  sodn-liine. 

t  E.  R.  Marip,  J.  Chem.  Soc..  9&,  1491  (1900). 

J  To  prppan'  llii«  liitio  tihwihit^ly  friv  frrtiii  (^iirbonntf',  Ihr  lime  is  pUuwd 
in  a  tub«  of  diflirtiltly  fumbb  glam  and  heated  in  a,  small  combuHlion  fumacQ, 
ineanwiiile  po-isinK  it  currcnl  of  dry  air  free  from  carbon  dioxide  o\'er  It. 
In  this  way  4  gms.  uf  coinniereial  linio  can  bo  freed  from  carbonate  in 
one-hfiir  to  thrpiv-fiuarters  nf  on  hour,  That  the  carbon  dioxide  ifl  aetuaUy 
rejnnved  can  be  nhown  itt  the  onil  of  that  timi-  by  passing  the  escaping  air 
Ihrouiih  bnrylH  whl^-r;  ther*;  shmild  be  dij  turhi(hly.  .\  blank  experinifnt 
should  always  hv  laadu  with  thLs  liiue.    If  tl  ia  dusrrod  t/*  ujk  commercial  time 
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of  crystallUwl  calnium  chloride*  are  placwl  in  each  of  from  four 
to  six  Krlenmeycr  flusks  whose  norks  are  of  stich  a  size  that 
they  will  each  fit  the  apparatus  Hhown  in  Fig.  50.  The  flasks  are 
closed  by  means  of  tightly-fitting  nibber  stoppera  and  accurately 
wwghed.  A  double-bored  nibber  stopper  is  taken  of  such  a  size 
that  it  will  fit  intfl  the  neck  cf  each  of  the  above  flasks  and  through 
one  of  the  holes  is  fitted  a  short  glass  tube  which  reachos  about  3  cm. 
above  the  stopper  and  the  same  distance  below,  while  through  tlie 
other  hole  a  glass  tube  about  50  cm.  long  is  passed  which  likewise 
reaches  about  3  cm,  below  the  stopper.  To  fill  the  weighed  llasks 
with  the  water  to  be  analyned,  they  are  taken  to  tlie  spring  and 
&te  treated  one  after  another  as  follows:  The  solid  rubber  stopper 
is  quickly  replaced  by  the  one  fitted  with  the  two  tubes,  the  thumb 
is  placed  over  the  shorter  of  the  tubes,  and  the  flask  is  dipped  well 
below  the  surface  of  the  water,  but  so  that  the  longer  tube  still 
reaches  into  the  air  above.  The  thumb  is  now  removed  from  the 
shorter  tube,  when  the  spring-water  will  paes  into  the  Jlask  and  tho 
replaced  air  will  escape  through  the  long  lube.  As  soon  as  the 
flask  is  alnuMt  full,  the  shorter  tube  is  again  closed  with  the  thumb, 
the  flask  is  removetl  from  the  water,  and  the  stoppprs  are  once 
more  quickly  interchanged.  To  nmke  sure  that  the  solid  stopper  is 
not  loosened  while  earr>-ing  the  flask  Iwck  to  tlie  laboratory,  it  is 
covered  by  a  piece  of  parchmeiit  paper,  and  fastened  by  means  of 
string  to  the  nectk  of  the  flask.  The  flasks  are  then  allowed  to 
stand  several  days  with  fn?<|uent  shaking,  when  the  precipitate  is 
•Uowcd  to  settle  and  the  i\a»k  and  cuiitenlH  are  weighed.  The  gain 
in  wdght  represents  the  amount  of  water  taken  for  the  analysis. 
The  supomutant  liquid  is  quickly  poured  off  through  a  folded  filter, 
t^c  filter  is  immeiiiately  thrown  into  the  flattk,  and  the  latter  is 
now  connected  with  the  apparatus  shown  in  Fig.  59.  The  carbon 
dioxide  is  determined  as  in  the  p^e^'ioufl  process. 

This  method  li  capable  of  yielding  excellent  results  provided 
the  fla.<iks  can  be  filled  as  above  dcscrilied.  Often,  however,  tho 
spring  is  not  easily  acressible,  so  that  the  flasks  nmst  be  filled  by  A 

for  tbo  itctn-niiiialiiin,  Ihi-  miiounl  of  carhotintQ  promDt  ia  determi&od  and 
an  Roouratvly  woiKhptl  nmount  is  usod  for  thv  anolyau. 

*Tlie  exldiuiFii  of  c^ilciiim  chloride  servcn  to  dL>cuinpoae  any  nlkali  car- 
bonate. Thu  ill  not  qiuuilitiitivoly  ik-compcMed  by  lime  alone,  ]>Articuliirly 
wliGD  Diagaeaum  corlinnnto  ih  preaont. 
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difTerent  method  and  usually  a  small  amount  of  carbonic  acid  is 
k)»t  during  the  operation.  A  much  more  expeditious  and  accurate 
procwlure  which  can  he  jiorfonncd  witKin  one  hour  at  the  spring, 
consists  in  the  dotcniiiiiati*in  uf  the  total  amount  of  carbonic 
acid  present  in  niiuerul  waters  by  measuring  the  voiuuie  of  the 
gas.* 

3.  Gas-volumetric  Determination  of  Carboolc  Acid. 

(a)  M^iod  of  0.  PetitT^aon^ 
This  oxcpHcnt  mrthod,  iijion  ■which   the  two  fcllowing  pro- 
cedurr's   are    baspd,  conjiists    nf   evolving    carbnii    dioxide    from 
carbonates  by  the  action  of  acid,  collecting  the  gas  over  mercury 


IK 


\0 


Fio.  150. 


and  computing  its  weight  from  its  volume.  Pettoreon's  apparatus 
is  shown  in  Fig.  00,  and  wsia  usc-d  by  hi:ri  for  tlie  dctennination 
of  the  cirbimic  add  in  wa-uater  (Skagerrak),  in  carbonates,  and 
also  for  the  deteruiinalion  of  carljon  in  iron  and  steel.    The  method 


•  Ct-  the  modiBe.!  rnfthtxl  of  reilera*™  on  p.  393. 
tUerichte,  23  (WM),  p,  U02. 
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of  detemining  the  carbonic  acid  in  a  water  containing  small 
amounts  of  freo  carbonic  acid  bnt  considerable  carbonate  will  suffice 
to  show  bow  the  apparatus  is  used.  The  decomposition-flask  K 
is  filled  with  distilled  water  up  to  the  mark  just  below  the  side- 
arrn  (the  mark  is  not  shown  in  the  illustration).  By  weighing  the 
flask  both  empty  anil  with  this  amount  of  water,  the  volume  of  the 
flask  when  filled  to  the  mark  is  obtaitio<L  The  flask  is  now  fi.Ued 
up  to  this  mark  with  the  water  to  be  examined,  a  small  piece  of 
ftlununiuiii  wire  *  i>i  thniwn  in,  and  the  fla-sk  is  connected  with  the 
rest  of  the  apparatus  as  shown  in  the  figure.  All  of  the  rubber 
tubing  should  be  firmly  fastened  to  the  glass  by  means  of  wire, 
ITie  cocks  <i,  b,  an<l  d  are  closed,  c  is  opened,  and  the  air  in  the 
nwasui  ing-tul>ft  is  removed  by  raising  M  until  the  mercury  rUiea 
in  the  capillary  up  to  the  crossing  point.  After  this  c  is  ciosed, 
a  is  opened,  M  b  brought  very  low,  and  the  screw-cock  d  is 
slowly  opened.  By  this  means  the  hydrochloric  acid  la  A^  Is  intro- 
duced into  the  flask  K.  The  arid  is  allowed  to  run  into  the  flask 
until  the  upper  part  of  the  appanilus  is  reached,  when  d  is  closed 
and  then  a.  The  air  in  the  meanuring-tube  (which  does  not  con- 
tain an  appreciable  aiimiint  of  carbim  dioxiile)  is  removed  by 
opening  c  and  raising  M,  after  which  c  is  again  t-losed.  Now  a  is 
once  niore  opene<l,  iVf  is  lowered,  and  the  liquid  in  A'  is  heated  by 
means  of  a  flante. 

A  lively  evolution  of  gas  at  onoe  ensues.  As  soon  as  the  meas- 
uring-tube is  almost  filled  with  the  gas,  a  is  closed,  the  flame  is 
removed  from  A',  M  is  rai.sed  until  the  mercury  within  it  stands 
level  with  that  in  the  measuring- tube,  and  its  position  in  the  latter 
is  then  read.  At  the  same  time  the  barometer  reading  must  bo 
noted  as  well  as  the  temppratiire  of  the  cold  water  which  surrounds 
the  measuring- tuljc.  After  tliis  b  is  ojiencd  and  Af  is  raised, 
whereby  the  gas  passes  into  the  Orsat  tube  0  whieh  contaitu 
caustic  potash  solution  (1:2),  As  soon  as  the  mercury  hjis  reached 
the  juncture  of  tlic  horizontal  ami  vertical  tul>es,  b  is  closed  and 
the  gas  Lt  .-iUowed  to  remain  in  the  Oraat  tube  for  three  minutes. 
The  unaliflorbed  gas  is  once  more  brought  into  the  measuring' 
tube,  taking  care  that  none  of  the  caustic  potash  aolutiou  comus 
with  it  (the  latter  should  not  quite  reach  the  stop-cock  6).  After 
bringing  the  gaa  once  more  to  the  atmospheric  prcMure,  its  volume 

* U.0142  gm.  alumiiiium  evolvea 20 CC.  or mouit  hydrogifii  »t  720 mm.  ftnil  1 5" C. 
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aa  ■well  as  the  temperature  and  barometer  reading  is  noted-  As  a 
rule,  these  readings  of  the  barometer  atnl  tiiermonictcr  remwn 
(constant,  otherwise  it  k  iiecBSsary  to  reduce  tho  gas  volumes  in 
each  case  t«  0°  C.  and  760  mrn,  pressure.  The  difference  between 
the  two  volumes  represents  the  aniiiunt  of  the  carbonic  acid 
gas.  The  miabsorbed  gas  ia  removed  through  c  and  this  whole 
operation  of  collecting  the  gas  and  absorbing  the  carbon  dioxide 
is  repeated  until  finally  no  more  gas  Is  given  off  from  the  liquid 
in  A'. 

In  case  it  is  desired  to  determine  the  amount  of  carbonate  In 
a  solid  stihstniice,  a  smaller  dt'w»iipnsitii>n-flfisl(  Hhould  lie  vised. 
The  aluniiniiini  wire  is  abided  to  the  weighed  Hiibstanre  nnd  the 
apparatus  is  exhausted  by  repeatedly  lowering  A/,  cltii^ing  o, 
openins;  c,  and  then  raising  ,1f.  Finally  the  aciil  is  allowed  to 
act  upon  the  suI>sLanco  and  the  dotcrmioatioa  is  carried  out  exactly 
aa  describe']  above. 

CompuUition  of  the  Analysis. — T^t  us  assume  that  from  a 
gms.  of  substance  V  c.c.  of  carlx>n  dioxide  were  obtained,  which 
was  measured  moist  at  f  C.  and  B.  mm.  preBsurc.  First  of  all 
the  volume  is  reduced  to  0"  C.  and  760  trun.  pressure  by  the 
folloB-ing  formula: 

V(B-Tt)-273 


V, 


«         T( 


7fjO(27S-t-ll) 

In  this  formuUr  u'  represents  the  tension  of  aqueous  vapor  ex- 
pressed in  millimeters  of  inercurj^ 

In  order  to  compute  the  weight  of  the  carbon  dioxide  from  this 
volume,  we  start  with  the  fact  that  the  density  of  carbon  dioxide 
is  1.529  *  referred  to  air  as  unity.  1  c.c.  of  air  at  0°  and  760  ram. 
pressure  weighs  0.001293  giu.t  consequently  at  0**  and  760  mm. 

1  O.C.  COj  weighs  0.001293x1.529  =  0.001977  gra. 


and  Vq  c.c.  weigh  FxO.001977  gm. 
the  original  substance  is  then 


The  percentage  of  COa  in 


^ 


To  XO.  1977 


=per  cent.  COa. 


"Cf.  Loirf  Rayleigh,  Proc.  Roy.  Hoc.,  62,  2W  (1897). 
'f  Landolt-B&nuteiu,  Phya.  chetn.  TabvUea. 


Via.  fil. 

expelled;  this  is  only  cfFcctfxl  wlicti  a  difTcrent  gas  slniiiltaii»< 

oualy  pasHS  Lhrough  the  solution.    I''urmer]y  it  was  cuBtotimry 
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to  pan  air  through  the  apparatus,  but  Pettorsoti  accomplished 
the  same  purpose  by  generating  hydrogen  within  the  liquid 
itself. 

(6)  Method  0/  Lunge  and  Marchlnrski* 

Lunge  and  Marchlewski  carrj-  out  the  tJctomunation  accoMing 
to  the  same  principle  aa  that  of  the  above  process;  i.e.,  by  simul- 
taneously evolving  hydrogen  Caluminium  aud  hydrochloric  acirt), 
measuring  the  gns,  and  absorbing  the  carbon  dioxide  by  means  of 
caustic  potash  in  an  Orsat  tube. 

The  apparatus  which  they  recommend  ia  shown  in  Fig,  GI,  6. 
It  consists  of  the  40-c.c.  ducompusiilion-ilaek  A',  the  lifNi.c. 
raeasuriJig-tube  A,  the  compensation-tube  C,  and  the  Icvclling- 
tube  B;  tlie  three  laat  are  connected  together  as  shown  in  the 
figure. 

In  the  case  of  all  gas-volumetric  methods,  the  volume  of  the 
moasuretl  gas  nutat  be  reduced  to  0°  C.  and  760  mm.  prtaaure, 
which  ordinarily  requires  a  knowledge  of  the  temprrature  and  the 
barometric  pressure.  In  this  method  the  rwiuction  is  accom- 
plishixi  without  pajing  iiny  attention  to  the  actual  readings  of 
the  thennomeler  and  bjiromcter  by  means  of  the  compensation- 
tube  C,  which  contJiins  a  known  amount  of  air,  vJb,,  that  amount 
of  air  which  in  a  clr)-  condition  assumes  a  volume  of  100  c.c.  at 
0*  C.  and  760  mm.  prcs.'^ure.  If,  therefore,  this  amount  of  air  has 
a  volume  of  V  at  (*  and  atmospheric  pressure  P*  (with  the  mer- 
cury at  the  same  level  in  B  and  C),  we  know  that  this  volume  of 
any  gas  would  be  eq\ial  to  lOO  c.c.  at  0°  C.  and  760  mm.  pressure. 
By  raising  the  levelling-tube  B  so  high  that  V  c.c.  is  compressed  to 
100  c.c,  we  have  accomplished  the  reduction  in  a  mechanical  way. 
If,  however,  there  is  a  gas  volume  V"  in  the  measuring-tube  A 
under  the  same  pressure  as  that  in  the  compensation-tube  (this  is 
the  case  when  the  mercury  level  is  the  same  in  A  and  C),  we  can 
reduce  this  volume  to  the  standard  conditions  by  simply  raising 
B  until  the  volume  of  the  gas  in  C  is  just  100  c.c,  taking  care  that 
the  mercury  remains  at  the  same  height  in  the  tubes  A  and  C 
The  volume  uf  the  gas  I'/'  in  A  corresponds,  therefore,  to  the  vol- 

*  Zcitechr.  (,  iuig«w.  Owrn.    1891    p.  229 
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Uma  of  thu  gas  at  0^  C.  And  "GO  mm.  pressure,  for  it  lias  been  com- 
proaood  to  the  same  dttgrcu  as  ttie  gnA  \\\  C.  This  is  a]>|}arent  when 
we  remember  that  at  a  constant  temperatvire  the  product  of  the 
pn»*ure  into  tlie  volume  remaius  a  constant  for  any  gas. 

In  the  conii>ensnti(.iii-tub{;  we  liave  the  volume  V"  at  atmos- 
pheric pressure  P',  and  after  conipreseton  the  volume  becomes 
K/—  ""J  t^-c.  aiid  the  pressure  is  P^,  from  which  it  follows: 


1.  V'P' 


V  'P 


In  the  measuring- lube  /I ,  wc  have  the  volume  V"  at  the  atmos- 
pheric pnssurc  P',  and  after  compression  this  volumo  bACOiiiee 
Vj",  anxl  the  pressure  P^,  so  that 

2.  V'-f- v/v 
By  dividing  equation  I  by  equation  2  u'e  have: 


or 


and  Vo"  is,  therefore,  the  reduced  gas  volume  that  is  desired. 

Before  using  the  apparatus  for  the  determination,  it  is  necessary 
to  fill  thn  eompenaation-tube  with  the  correct  amount  of  air;  this 
is  accomplished,  as  follows: 

First  of  all  a  calculation  is  made  to  determine  what  would  be 
the  volume  of  100  c.c.  of  dry  air  measured  at  0°  C  and  760  nun. 
pressure  when  meaanred  moist  at  t-he  tein[>erature  of  the  laboratory 
and  the  prevailing  barometric  i>re8sure.  To  illustrate,  let  us 
assuuie 


1-17.5*0.;  B' 
thea 


■  731  mm.;    ur«I4.9  (tension  of  aqueous  vapor), 


7- 


innx7(Hiy2fti).5 


112.9  c.e. 


273(731 -M.IJ) 

Accordincly  112.9  c.c.  of  air  are  introdueed  into  the  tube 
C  by  removinji  the  stopper  and  lowering  the  levelling- tube  until 
the  mercury  in  the  conipensatton-tube  stands  at  exactly  1 12.9  c.c. 
K  drop  of  water  is  added  by  means  of  a  pipette,  tlie  tube  is  im- 


-IqreomriDgtha 


of  the  air 


Hko  pnflwd  tiowB  into  i>.     After  dm  tb^ 
iv«  roav  nry  m  maA  »m  it  «ift;  t2tt  leiaewi 
n  C  vS  AhrsTB  be  «q«id  ttt  MOcc 

Piwuatmit  for  Cfe  AaafyM.— Aboo*  US 9*.  «£ i 
U^  eaoacb  «o  fmiMifc   hhmii  ■■■■>!■   Mt  cc  cf 
wagnM  <m  ■■>  dm  oeeoninMnB^ 
iMk.  SoA  aa  amont  of  tbe  sobstaaa* 
to  be  ihItwI  ■  vUed.  tl^  at  IIm 
■aat  30  tjc  d  ca«boa  dnodfr  arfl  b» 
and  tbe   Baefc  ■ 
itbeCuMltafaeJr.aiki 

abo  Bade  «itb  the  tobe  A 
after  it  baa  ben  cooiptrtelT  iBed  vttb 
■muiji  bf  aanof  B.  Ibe  air  &ocn  S  a 
■89  axbaflated  by  lowing  o,  opcsnij a 
aatbateia  coaoectal  with  A,  ibeadaa- 
ng  k  by  taoaac  it  9(P,  aad  eatcfiaSr 

niaa^  B  «ti  the  i- j  stands  at 

aa  eqaal  fae%^  ia  A  anri  B;  after  tUs 
k  B  oned  8»  that  A  k  imi  eml 
with  the  latiaii/  dL  aad  tbe  iv  k 
A  m  eipeflwl  After  nprating  this 
IBUuau  tbree  or  faar  tiaHS  aad  fiaafir 
aai^  tavar  tilne  oeatBebna  of  air  ze- 
■UB  ai  A^  B  ■  luauul,   tbe  farun^  fy^.  st. 

(1:3)  k  ad^d  to  IT.  A  is 
•aed,  tben  m  vaA  10  c^  of    the    aod    have 
tba  flMk  .V,  vfan  m  m  oaee  moR   etaaed.    IW 

tianbe^  at  ooee  aad  tbe  Beroar  brel  qnicMr 

■  A.    Ibe  coataats  of  tbe  iMk  an  beatod  to  faofiBK  o«v  a 

aaBllBeptattbiilianiiiilMii  aatiaaof  tlwahaahaaii  baa 

Daiins  tbe  vbale  nprratwa  ibe  aieecarj  lenl  in  B 

be  kept  bav  tbaa  tbat  ia  A.    Ia  order  to  traatfer  tbe  gaa 


:  X*  iolo  tbe  tdbe  A,  Jf  is  Sbd  vhb  (fieiaiad 
r,  «  ■  eioalT-  opened  and  tlw  watar  is  aMnaed  lo  r«a  lata  Jf 
tbe  acop-eodL  A  is  leacfaei  wben  ifa 
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doscJ.  The  gas  is  tlien  conipressed  by  raising  the  tubn  5  until 
the  mercury  stands  at  the  same  hpij:ht  in  .4  and  C  and  so  that  tho 
level  in  the  latter  tul>e  is  exactly  at  the  100-r.c.  mark.  The  reduced 
volume  is  then  rea<i.  Aftor  this  the  capillary  d  is  connected 
with  an  Orsat  tube  filled  with  caustic  pntash  (1:2)  (Fig.  62),  the 
pis  in  A  is  driven  over  into  the  latter,  allowed  to  stand  there  for 
three  minutes,  and  again  tranaferreil  to  A,  where  ita  volume  at 
0"  C.  and  760  mm.  pressure  is  determined,  as  before.  Tho  difference 
in  the  two  readinpj  represents  the  volume  of  the  carbon  dioxide, 
and  tlie  per  cent,  can  Iwi  computed  according  to  the  formula 

V 
Per  cent.  COj -0.1077.--, 

inwhich  Via  tbeamount  of  carbon  dioxide  absorbed  in  theOraat  tube 
and  a  represents  the  amount  of  subatince  taken  for  Ihoanulysis. 

Remark. — ^This  is  the  most  exact  of  all  methods  for  the  deter- 
mination of  carbon  dioxide  in  solid  substances  and  is  accom- 
plished most  quickly.  It  is  particularly  to  be  recommended 
where  carbon  dioxide  determinations  must  be  made  daily,  as,  for 
example,  in  cement  factories.  It  Is  necessary,  however,  to  test 
the  volume  of  the  gas  in  tho  compensation-tube  from  time  to  time 
in  order  to  make  sure  that  it  really  corresponds  to  100  c.c.  of  air 
under  the  standard  conditions  of  temperature  and  pressure. 

For  a  single  determination  the  author  prefers  to  dispense 
with  the  compensation-tube.  In  this  ca^e,  however,  the  col'ected 
gas  must  be  kept  surrounded  by  water  at  a  definite  temperature, 
as  in  tho  Pettcrson  method,  and  the  temperature  and  pressure 
must  be  ob9er^'ed,  It  is  also  well  to  make  these  readings  in  the 
above-described  procedure,  in  order  to  be  sure  that  the  volume  In 
the  compensation-tube  has  remained  constant. 


(c)  Method  of  Lunge  and  Riltcner,* 
In  tho  decomposition  flawk  A',  Fig,  C3,  in  plaeed  O.H-0.15  g.  of 
calcite,  or  a  corresponding  amount  of  any  other  carbonate,  and 
a  araftll  piece  of  aluminium  wire,  weighing  about  0.015  g.,  la  fas- 
tened to  the  neck  of  the  flask.  About  1  c.c.  of  water  is  allowed 
to  flow  through  the  funnel,  T,  and  then  tho  capillary  ia  connected 


*  Z.  ui«ew.  CUem.,  19CH,  1^19. 
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with  the  dr>'  Bunte  burette.  Tlie  stop-cock  of  the  funnel  T  is 
closed  and  the  two  cocks  of  the  Bunto  burette  are  opened.  The 
lower  atop-cock,  A„  is  now  connected  with  the  siu-tiori  pump, 
and  a  partial  vncuum  is  pmduecd  in  the  hiu-ette  by  letting  the 
pump  run  two  or  three  minutes,  after  whieb  ft,  is  cloeed.     Xow 

from  the  funnel  T,  liydroidiloric  acid 
It'  (1  'A)  is  allowed  to  flow  ujKm  the  sub- 
stance until  the  latter  is  decomposed 
completely;  then  the  hqnid  is  heated 
to  boiling, 'taking  care  that  no  water 
gets  into  the  burette.  Acid  Is  then 
added  from  T  untd  the  aluminium 
wire  is  reached  and  the  flask  is  heated 
again.  The  hydrogen  now  e^'olved 
serves  to  expel  (he  last,  traces  of  carbon 
dioxide  from  the  flask.  \a  soon  as  all 
the  aluminium  ia  dissolved,  hydro- 
chloric acid  i.s  added  through  tlic  funnel 
un  til  the  liquid  reaches  the  atop-cock  A, 
which  Ls  then  closed  at  once.  The 
lower  end,  o,  of  the  burette  is  now 
Fia.  63.  connected  by   nibbcr  tubing  with  the 

levelling  tube  jV,  which  contains  a 
saturated  soUition  of  common  salt.  By  carefully  opening  the  lower 
stop-cock  Aj  the  salt  solution  is  allowed  to  rbc  in  tlie  burette  until 
the  liquid  there  stand.-!  at  the  same  height  as  in  the  levelling  tube, 
whereupon  the  stop-cock  h^  Is  closed.  The  appanitus  is  allowed  to 
stand  for  20-2o  minutes  .so  that  the  tempcraiurc  of  the  gas  will 
be  that  of  the  surroundings  and  then,  by  suitably  rai.-fing  or  low- 
ering the  levelling  tube  with  hi  open,  the  burette  reading  is  taken 
and  the  temperature  as  well  a.i  barometer  reading  noted.  The 
funnel  T  t  of  the  burette  is  filled  with  strong  caustic  potoah 

•  In  the  caae  of  carbooates,  sucit  a«  majaiMJlc,  dolomite,  or  t)id«rito, 
tbey  are  clecoiDpoeed  to  slowly  by  cold,  dilute  ruitd  I  hat  il  may  be  addvd 
luuob  more  quickly  than  prescribed  atiovc. 

t  Provided  the  tciiijjcrutuni  mid  prvetiurc  aiv  the  same  as  before  tbo 
kbaarption  of  the  CO,.  If  this  ii  not  the  caac,  both  volumes  must  be  ivduced 
to  0°  and  700  mm.  prfMura  before  the  difference  ia  fotind. 


u 
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Boluiian  (1;2)  and  ft  pulial  vacnum  is  pi\xl\ico«l  in  lh(»  Iniwtte, 
bv  lowenug  the  levelling  tube  wiii  opening;  tho  Rtop-ovk  \. 

The  caastic  poUsh  solution  is  allowipd  to  run  into  iho  tvurrtte 
liy  opooing  ibc  upper  stop-cock  A,  whicli  is  dowd  lipropp  tlip  liwil 
few  drops  of  liquid  lea\Te  the  funnel,  anii  the  contenta  of  the 
burette  mixed  by  sh&king.  By  repcHtiiiK  Ihc  oponitiuti  tt  (A 
easy  to  Icll  whether  the  nbsoqition  at  railviin  ilioviile  has  bwtt 
complete.  The  residual  volume  is  rend  with  lh«  iisunl  ppfcnu- 
tiona  and  the  difTorenco  between  tho  two  rpailiripj  *  ^Uts  iIir 
volume  of  the  carbon  dioxide, 

Tlie  computatiau  of  tho  weight  of  carbon  dioxide  b  onrHod 
out  exactly  as  described  on  p.  38A,  excopt  that  tlio  vapor  lenitltm 
of  the  saturated  salt  milution  only  iini<iunlft  to  HO  |ter  cent,  of  tho 
tension  of  pure  water  at  the  Hiimo  tuin|toratiire. 


Example:    "Weight  of  Bubstuncc'-a 
Volume  of  hydrogen+air+CO,- V| 
Hydrogen  4- ftir—  V/ 


Teni[>erature=f*, 
liarometer^  //  mm, 
Tention  of  a'(ueotu  rspof 

-  w  mm. 

CO,-  Vi  -  Vi'    Tenaion  of  unit  wiIh* 
tiMi—U.Sw  mm. 


The  rdtime  reduced  to  0^  and  760  mm.  w,  therefore: 


780  (373+/) 
of  CO,  in  the  lofaiCanoe  (aee  p.  3M)  nr^ 


and  the 


Tor  the  determination  o(  carbon  diosid''  in  ittTi^^WB  

appantua  ia not  united ;  for  this  purpoMi  the  author  htfM^ 
tad  the  FeneiSMoo  appamtiu  an  nhown  in  ?\g,  M. 

(ifl   The  \f,yiijied  Miiknd  of  Pettersitm. 

Fbr  dewimpomtion-flaido*,  Plrlenrnfiycw  of  from  70-200  e.fl, 
m^aaiy  are  Uiied  (according  to  th»  mippntiM  Ammmt  of  carbonio 


The  tube  R  la  shoved  into  the  stopper  until  tho  small  opening 
ean  be  seen  just  below  the  bottom  of  the  rubber  stopper,  and  the 
latter  is  pressed  as  far  as  possible  into  the  Er'.cnmeyer  flask  full  of 
wat«r.  By  this  means  some  of  the  water  passes  from  the  flask 
into  the  tube  R.  The  latter  is  then  raised  as  is  shown  in  Fig. 
64,  6,  and  in  this  way  an  air-tight  seal  is  made. 

The  water  in  A  is  now  removed  by  filter-paper  and  the  flaak 
ftod  contentA  weighed  to  the  nearest  centieram.    By  dedjctlng 
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from  thia,  the  weight  of  the  empty  flask  together  with  the  rubber 
stopper  and  H,  the  weight  of  the  water,  i.e.  the  volume  of  the 
flask,  is  obtained.  By  means  of  a  piece  of  pinimed  paper  fast- 
ened U)  the  llask,  the  position  of  the  lower  edge  of  the  rubber 
stopper  is  noted.  The  flask  is  enijitiei!,  dried,  and  the  neck  of  the 
flask  as  well  as  the  paper  strip  is  eovered  with  a  thin  coating  of 
wax.  Alimg  the  edge  of  the  paper  where  the  bottom  of  the  rubber 
stopper  c'uiuo  on  the  flask,  a  sharp  line  is  cut  in  the  wax  by  means 
of  a  knife  and  the  capacity  is  ^Tilten  upon  the  wax  with  a 
pointe*i  file.  These  lines  are  et^vhed  upon  the  flask  by  exposing 
them  to  the  action  of  i»yilrt)fluoric  acid  for  two  minutes.  The 
excess  of  the  latter  is  then  washed  nff,  ihe  flaak  dried,  and  the  wax 
meltod  and  wi^M-d  off  with  filler-pa])er.  The  flaak  is  now  ready  to 
be  used  for  the  analysis. 

About  0.04  gin.  of  aUiiiiinium  U  jiliired  in  the  flask,  which  is 
then  fillet!  by  dipping  into  ihe  spring.  When  this  is  not  possible, 
a  piece  of  rubber  tnbin;;  is  placed  in  tho  bottle  containing  the 
water  to  be  analyzed  no  tluil  it  n-aches  to  llie  bniioin  and  the  water 
is  siphoned  off  inl-o  the  iWk  f<ir  iwn  or  three  minutes.  After  this 
the  fillcMl  flask  is  dosed  by  the  rubber  stopper  with  the  tube  R  w 
that  the  bottom  of  the  stopper  r^-aches  just  to  the  mark  again. 
The  tube  T<  is  raised  (Fig.  64,  6)  and  the  spring-water  within  thft| 
tube  is  washed  out  by  a  stream  of  distilled  water  from  a  wash- 
bottle*  The  flask  is  then  connected  with  the  biilb-tulie  P  {of  about 
40  c.c.  capacity),  which  in  tuni  is  connected  with  the  measuring- 
tube  B.  The  latter  is  placed  in  a  condenser  through  which  a  stream 
ol  ordinary  water  constantly  flows.  The  reservoir  .V  is  now  con- 
ziected  with  the  flask  as  shown  ni  llic  figure  and  the  screw-cock  H  is 
eloeed.    All  rubl;er  t-oimections  must  be  tightly  fastened  v\th  wire. 

The  bulb  P  is  exhausted  by  lowering  A^  so  that  the  air  passes 
into  B,  fr(jin  whence  it  is  driven  inlx»  the  Orsat  tulw  0  by  turning 
the  stop-cock  M  and  raising  N.  This  operation  is  repeated  four 
times.  The  air  is  then  removed  from  the  Orsat  tulje  by  surition 
through  the  right-hand  capillary  and  the  stop-ctwk  is  changed  to 
its  original  |>oBition  as  shown  in  the  figure. 

The  tube  R  is  now  pn-wst^l  into  the  flask  so  that  the  BmaO 
opeaing  reaches  below  the  lower  surface  of  the  stopper, 

•  With  wstur  Douiaiain'!  m  icti  oar'tunio  not"!,  lhi»  fUak  an*!  it*  contanta 
IWt  eooled  b7  i?3  in  orlor  to  pr?vaU  t*it>  p\%ai  breaking. 
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Usually  carbon  dioxide  is  immf  diat<;Iy  nvoJvod  and  the  mercury 
la  B  at  oacc  begins  to  siak  slowly.  The  c\'olution  of  the  gas  is 
hastenctl  by  gently  henting  the  contents  of  the  flask.  As  soon  as 
the  measuring-tube  is  aUnost  entirely  filleiJ  with  gas,  the  flamo 
is  removed,  M  is  closed,  and  the  contents  of  B  are  brought  under 
atmospheric  pressure  by  rmsing  N  until  the  mcrt^urj*  in  tlic  two 
tubes  is  at  the  some  height,  after  which  its  position  in  B  is  noted. 
The  temperature  of  the  water  surroimdiiig  B  is  takfji,  the  bammoter 
is  reafl,*  and  the  gas  is  driven  over  into  t\\&  t  )rBfit  tiilie  and  allowwJ 
to  remain  thert;.  This  iKiiliiig,  niriwiiring,  and  driving  over  of 
the  gas  is  ri-pmt«l  until  only  a  sliglit  gas  evoUition  can  Iio  mado 
to  take  place.  In  this  way  all  the  free  civrbon  dioxide  and  a  part 
of  Umt  present  &n  liiciirlmnate  in  driven  off,  while  that  present  as 
normal  carbonate  together  with  the  rest  nf  the  liiearl>nnate  remains 
in  the  flask;  the  liquid  in  tEie  liilt.cr  is  HHunlly  turbid  at  this  )HMnt 
owing  to  the  precipitation  uf  alkaliiie-eiirth  carhnnatofi.  The 
reBorvoir  JV'  is  now  filled  with  hydnHrhhme  acid  (1:2)  and  Uie 
air  removed  frf>m  the  niblier  tubing  by  raising  N'  high  and  pinch- 
ing the  tubing  with  the  fingers.  Tlie  level Uiig-tube  A  is  placeil  in 
ft  low  position,  H  is  opened,  and  a  small  amount  of  acid  is  allowed 
to  run  into  K,  after  which  If  is  again  closed.  As  sonn  as  the  acid 
reaches  the  contents  of  K,  a  lively  evolution  of  carbon  dinxide 
ensues,  which  is  afterward  ha.'stoncd  by  gentle  warming,  ^"hen 
the  mca-^uring-tube  li  is  nearly  filler! .  its  contents  are  read  and 
driven  over  into  the  Orsat  tube  m*  before.  The  addition  of  th« 
acid,  etc.,  is  repeated  until  finally  the  liquid  in  A'  clears  up  and 
the  aluminium  begins  to  evolve  a  steady  stream  of  hydmgen,  when 
the  contents  of  the  flask  are  heated  to  bniling;  but  care  i-s  taken  that 
none  of  the  liquid  in  the  flask  is  carried  over  with  the  escaping 
gas.  As  soon  as  the  aluminium  has  complelcly  dissolved,  iV  is 
lowered.  //  Is  opened,  so  that  the  flask  is  filled  with  the  hydrochloric 
acid  solution  and  the  last  portions  of  the  gas  are  carried  over 
into  the  measuring-tube  B.  As  soon  as  the  acid  has  reached 
the  stop-cock  M,  this  is  closed,  and  after  reading  tlie  volume  of 
the  gas  as  before  it  is  led  into  the  Orsat  tube.    After  remtuning 


■ 


*  If  this  aualyua  is  made  at  the  vpring,  it  ia  noccssary  to  have  a  Beitntiw 
tDsroid  bAmmetcr  nt  hiuid. 
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there  three  minutes  ttie  utiabsorbod  gas  is  once  more  transferred 
to  U  and  its  volume  subtracted  from  the  total  annnint  of  gas  which 
has  been  expelled  from  the  water  that  was  analyzed.  This  differ- 
ence represents  the  vulunie  of  the  carbon  dioxide  gas.  By  co> 
reclly  adjusting  the  current  of  water  flowing  through  the  condenser, 
the  temperature  at  which  the  gas  is  measured  will  remain  constant 
during  the  entire  experiment. 

l-roni  the  volume  of  the  elwiorbed  carbon  dioxide  the  per  cent, 
pnsent  is  computed  aa  was  shown  under  the  Pettcrason  method. 

Remark. — Hy  this  method  the  author  has  determined  success- 
fully at  the  spring  the  amount  of  carbonate  in  a  great  many  of  the 
most  important  watcns  of  Switzerland.  For  a  single  determination 
more  than  one  hour  is  seldom  required.  The  apparatus  ♦  can 
be  readily  transported.  The  author  has  travelled  with  an  outfit 
during  the  last  six  yeare  over  the  highest  mountain  passes  under 
many  disadvantages  of  weather,  both  in  winter  and  summer, 
without  its  meeting  with  any  acei'dcnt.  In  order  to  maintain 
the  tube  N  at  any  dceirod  height  it  is  well  to  fasten  it  to  a  ring- 
stand. 

Determination  of  Carbonic  Acid  in  the  Air. 
Sn  Part  II,  Acidimetry. 

DetenninaCioa  of  Carbonic  Acid  in  th«  Presence  of  Other 
Volatile  Substances. 

(a)  Ddermination.  of  Carbonic  Acid  in  the  Prtaenec  of  Chlorine. 

If  it  is  dmired  to  iletcnnine  the  amount  of  carbonate  present 
In  commercial  chlorkle  of  Itine,  chlorine  will  be  evolved  with  the 
carbonic  acid  on  ircatment  of  the  solid  subeUnce  with  hydrochloric 
acid,  K)  that  neither  the  direct  nor  the  indirect  method  will  give 
eorrect  results.  The  detcnnlimtion  can  easily  be  effected  by  the 
following  procedure: 

'Hie  chloride  of  lime  is  decomposed  with  hydrochloric  acid  and 
the  gases  evolved  (CO,+C],)  are  passed  into  an  ammoniacal  solu- 

*  It  cam  tw  purcboiwd  from  Bender  Mid  QobKS  of  Zurich. 
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tion  contAHiing  calcium  chloride.*  After  standing  eeveral  hours 
in  a  wnnn  pliu«%  the  precipitau;  is  filtered  off  quickly,  washed  with 
water,  and  the  carlmnate  detennmod  in  the  precipitated  caJcium 
carbonate  by  one  of  the  lutual  tiietliods. 

fhmark. — Oti  oondiicting  the  inLxtiir?  of  chlorine  and  carbon 
dioxide  into  the  unimr)nim.'ul  nohitioii  of  calcium  chloride,  the 
chlorine  is  changed  jiit^j  :nnmuiuum  cldoride  with  evolution  of 
nitrugcn : 

8NH:,+HCIa  =  6NH4Cl+Na, 

while  the  carbon  dioxide  is  absorbed  by  the  ammonia  fonniDg 
aramonium  carbonate,  and  the  latter  in  precipitated  by  the  calcium 
chloride  oa  calcium  carbonate. 

(6)    DetcnrtiruitivH  of  Carbon  Dioxide  in  the  Presence  of  AlkaU 
ISuijihidcs,  SMlphiieg,  or  Thiosuiphates. 

The  Bokition  to  l>o  analyzed  is  treated  with  an  excess  of  a  solu- 
tion of  hydrogen  peroxide  containing  potassium  hydroxide,  but 
free  from  carbonate.  It  is  heate<l  to  boiling  to  destroy  the  excess 
of  tliG  hyclh>pcii  peroxide,  concentrated,  and  the  carbonate  deter- 
mined preferably  by  the  Frcscniua-Chisscn  method  (p.  3S0). 


r 


Bbtekhiratior  of  Casboh. 

(1)  /n  /nm  and  Steti. 

(2)  In  Organic  Compounds. 

(1)    UETt^lRMtNATtOK  Or  CARBON  IN  IRON  AND  STEESb 

Gubon  exists  in  two  forms  in  iron  and  steel: 
(o)  As  Carhide  Carbon. 
(6)  A*  Grapkite. 
On  treating  an  iron  contaimng  carbide  c&iboo  with  dilute  hydnn 
(iJone  or  sulphuric  acid,  only  a  pan  of  it  is  evoK-ed  in  the  form  of 


*  OtM!  p<^  *>'  rnrslalliced  mlHum  rhWide  is  <&.«n]\-«d  ia  five  p«rla  o( 
««t«r,  t«n  pam  ot  inmBQia  (sfv  irr.  0.06)  «r  added,  and  the  mixtme  allowed 
Id  stand  ai  IsmK  low  wiiki  before  vmag. 
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characteristic  smelling  hydrocartwns.  This  carbon  Is  called  by 
Letlebur  *  "hanJeninR  carbon"  to  distinguish  it  from  "ordinary 
carbide  carbon"  which  is  left  behind  as  a  brown  or  gray  mass  when 
the  iron  is  treated  with  dilute  hydi-ochloric  or  sulphuric  acid;  but 
on  boiling  with  strong  hydrochloric  acid  the  latter  is  also  changeJ 
to  volatile  hydrocarbons. 

Graphite  Is  unattacked  by  acids  under  all  circumstances. 

In  the  analysis  of  iron  and  steel  it  is  customary  to  determine 
directly  the  total  carbon  and  the  graphite,  in  which  case  the  differ- 
ence represents  the  carbide  carbon. 

Deterroination  of  Total  Carboa. 

Prineij^e. — The  carbon  is  oxidized  Ui  carbon  dioxide,  and  the 
latter  is  either  absorbed  in  a  suitable  apparatus  or  its  volume 
is  measured. 

For  the  oxidation  of  the  carbon  a  great  inacy  methods  have 
been  proposed;  they  can  be  classified  us  follows : 

(a)  Those  ui  which  the  oxidation  is  effected  with  the  un- 
changed substance  itself. 

09)  Those  In  which  the  greater  part  of  the  iron  h  removed, 
and  the  residue  subjected  to  combustion. 

The  Chromic -Sulphuric  Acid  Method. 

In  this  method  the  borings,  which  should  he  as  fine  as  possible 
and  frM'  from  grea.-u',  arc  treated  with  a  misturc  of  chromic  and 
■lilphuric  acitid  and  hoatcd  to  boiling.  Thereby,  the  iron  goes 
into  solution  and  the  carbon  is  oxidized  to  carbon  dioxide.  In 
spite  of  a  large  excess  of  chromic  acid,  however,  a  considerable 
amount  of  the  carbon  is  likely  to  escape  in  the  form  of  hydro- 
carlwns  and  carbon  monoxide,  unless  precautions  arc  taken. 
To  prevent  such  loasca,  .S5rnstr6m  |  recommended  leading  tho 

•Suhl  xtad  Eimn.  ISH-S,  p.  742. 

tAarmlrftm.  Berg- uml  Mutlonm.  Ztg ,  1885,  JU,  and  Corleia,  8tahl  u. 
EiMMi,  ISfit,  Mil.  With  ftrrT'jTn.ingii.nf.'Me  th«  I(m»  amounU  to  32.5  percent 
of  tbe  total  carbon,  vritb  Bt««l !)  per  cent.  With  ferronunipinffle  tb«  iwcnping 
gWMW  oontain.  beoiclw  oirlioni  dluxJilo  mkI  tntOM  of  liiwvy  liydrucorbona,  18 
per  cent,  methane,  76  per  cent,  hydrogeti.  3  per  cent,  oxygen,  and  2  per 
coot,  carbon  iaouuziU«. 
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escaping  vapors  over  copper  oxide  in  a  combustion  tube,*  80  cm. 
long,  which  is  heated  in  a  combustion  furnace.  Many  experiments 
have  show-n  that  the  method  of  SiirnstrOm  pivM  exact  results, 
although  objection  has  beeu  raised  to  the  long  combustion  tube 
that  is  required. 

CorletB  has  succeeded  in  simplifying  the  method  by  showing 
that  a  verj'  short  combuistiori  tube,  filled  with  copper  oxide,  heated 
by  a  single  IJunsen  Hanie,  suffices  if  the  sample  is  covered  with  a 
coating  of  copper  during  the  treatment  with  chromic  and  sulphuric 


wl 
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acids.  In  fact  the  use  of  the  combustion  tube  is  unnecessary  in  aa 
ordinary  steel  aniaysis,  because  only  2  per  cent,  of  the  total  amount 
of  carbon  present  is  lost  in  this  case.  In  the  aniilysis  of  ferro- 
manganese,  and  similar  alloys,  however,  the  use  of  the  hot  tube  is 
to  be  recommended. 

Ledebur  f  even  found  that  the  results  obtained  with  irons  rich 
in  graphite  were  a  little  too  high  on  account  of  the  formation  of 
BOme  sulphur  dioxide,  but  this  error  can  be  overcome  by  passing 
the  gasps  through  chromium  trioxide  just  before  they  enter  the 
combustion  tube. 

The  apparatus  n-quired  is  shown  in  Fig.  05  and  consista  of  a 
Corlcis  decomposition  flask  A  with  condetiscr. 


*  A  noftU  platinum  tube  heated  to  Klowing  also  auffioes. 
t  LettfadvQ  fur  Eiscufatitttja-Labonit. 
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The  flask  ia  eoancctod,  as  ehown  tn  the  drawing,  on  oac  side 
with  a  80(Ia-liinc  tower,  W,  at  the  Iwttora  of  which  ii*  placed  a 
little  concentrated  caustic  potash  solution,  and  on  the  other  side 
with  a  system  of  lubes.  The  tube  B  is  about  10  cm.  long  and 
contains  chromium  trioxide  between  two  asbestos  plugs.  The 
tube  C  is  15  cm.  long,  is  made  of  difficultly  fusible  glass,  and 
filled  with  granular  cupric  oxide.  It  is  placed  in  a  little  box  made 
of  asbestos  paper.  The  tubes  a,  b,  c.  d,  r,  and /an.-  fjlled  exactly 
as  described  on  p.  380.  Tubes  a,  b,  and  c  are  drying  tubes,  the 
first  containing  glass  beads  wet  with  concentrated  sulphuric  acid, 
the  other  two  containing  calcium  chloride;  d  and  e  are  glass- 
stoppered  soda  lime  Lubes,  the  upper  third  of  the  right-hand  arm 
of  each  containing  calcium  chloride.  The  tube  /  is  a  safety  tub4 
which  is  not  weighed,  but  is  used  to  avoid  any  chance  of  carbon 
dioxide  or  moisture  entering  the  weighed  tubes  from  the  air. 

HeagenU. — 1.  A  saturated  solution  of  ordinary  chromic  acid 
containing  some  sulphate.  It  is  not  advisable  to  use  chemically- 
pure  chromic  acid  for  this  purpose,  for  the  latter  often  contains 
organic  substances. 

2.  A  solution  of  copper  sulphate  mado  by  dissolving  2U0  gms. 
of  the  salt  In  1  lit^r  of  watt^r. 

Procedure. — The  ground-glass  stopper  a  is  removed,  and 
through  the  opening  2't  c.c.  of  chromic  acid  eulutiun,  150  c.c.  of 
copfKT  sulphate  solution  and  2(30  c.c.  of  concentrated  sulphuric 
acid  aro  poured  into  the  i\aAk,  A,  and  mixed.  The  ntixttirc  in  tho 
flask  is  hcat43d  to  l>oiling  and  kept  at  this  temperature  for  ten 
minutes.  The  flame  is  then  removed  and  a  current  of  air  free 
from  carbon  dioxide  ts  pa^ed  through  the  apparatus  for  ten 
minutca  at  the  rate  of 'about  three  bubbles  per  second.  The  flask  is 
then  connected  with  the  tube  Ii,  the  red-hot  copper  oxide  tube, 
and  with  the  U  tubes,*  while  the  current  of  air  ts  continued  for  6ve 
minutes  more.  The  soda-Ume  tubes  d  and  c  are  removed,  closed, 
and  allowed  to  stand  ten  minutes  in  the  balance  room.  They  are 
opened  for  a  moment,  quickly  closed,  rubbed  off  with  a  piece  of 
chamois  skin  or  a  clean  htien  cloth^  allowed  to  stand  five  minutes 
in  the  balance-case,  and  then  weighed. 

'  Curlew  UMocI  phutplionu  penhuddo  for  a  drying  asent,  but  calcium 
Dhluri(l9  M  aatin'iiotory 


fl 
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By  meaas  of  this  preliminary  boiling,  traces  of  organic  matter 
coniainciJ  in  the  apparatus  arc  removed. 

After  wcigliing  the  soda-lirac  tubes,  they  arc  connected  with 
ttie  apparatus  again,  the  decomposition-flask  is  opened,  and  the 
weighud  flubstonce  (from  0.5  to  ^i  gms.  according  to  the  amount  of 
tarbon  present)*  is  introduced  quickly  from  a  glass -stop  j>ered 
weighing  tube,  which  is  subsequently  weighed  again  to  determine 
the  amount  of  sample.  The  flask  is  immediately  closed  and  the 
copper  oxide  tube  heated  to  glowing,  after  which  the  contents  of 
the  fla.sk  are  slowly  heated  so  that  after  from  15-20  minutes  the 
liquid  begins  to  boil.  The  solution  is  kept  boiling  for  one  or  two 
hours  while  aslow  ourrcnt  of  air  is  conducted  through  the  apparatus. 
The  flame  is  then  removed,  and  about  two  liters  more  of  air 
are  passed  through  the  apparatus,  when  the  soda-lime  tubes  are 
removed  and  subsequently  weighed  as  before. 

Since  the  use  of  the  copper  sulphate  solution  prevents  the  loss 
of  more  than  about  2  per  cent,  of  the  total  amount  of  carbon  pres- 
ent, it  is  evident  that  the  cunibustion-tuba  can  be  dispensed  with 
for  technical  purijoses. 

Combustion  of  Carbon  in  the  Wet  Way  and  Measuring  the 
Volume  of  the  Carbon  Dioxide. 

This  operation  is  l>e«t  carried  out  by  means  of  the  Lung^ 
Marchlewskl  method. 

The  apparatus  necessarj'  is  shown  in  Fig.  01.  In  this  case, 
however,  the  dceom]KJMili<)n-flB«k  is  lurger  and  there  should  be 
a  ground-glass  connectiun  Ijetweeii  the  Ilask  and  a  condenser. 
Furthermore,  a  funnel-tube  is  fused  into  the  neck  of  the  flask, 
and  runs  along  the  side  of  tlie  flask  on  the  inside  ending  in  a 
quite  fine  pcfinl  near  il«  Imttoni.  The  upper  end  of  the  condenser  is 
connected  with  the  measuring-tube  by  means  of  a  capillarj-  tube 
alxiut  36  cm.  long,  ground  to  iit  thecondottHer-tube, 

Hmtfvnts.^y .  Asaturat^nl,  neutral  Kfdiitiiui  r>f  copper  sulphate. 

2.  A  chromic  a(;id  solution  (100  gms.  CrO,  in  100  c.c.  of  water). 

3.  Sulphuric  acid  of  specific  gravity  1.65  and  saturated  with 
chromic  acid. 

*  For enst  iron  0  6  g:Tiui.  auffic«3but(orat«elfrom  1  (o 2  po.  ftnd for  vrouglit 
iron  &  fpaxt.  nbould  L>e  used. 
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4.  Sulphuric  avid  of  specific  graWty  1.71,  also  saturated  with 
chromic  acitl. 

5.  Pure  Bulplmrir  adfl  of  sjwciBc  graiity  1.10. 

6.  Coiiiiiicrrial  liytinigpn  |wni^ulc  soluljon. 

Proudxire, — ^The  aincmitt  of  intn  or  steel  to  bo  weighed  out 
nnd  tlip  necessary  quantitieH  of  the  ruagenta  are  »hown  in  the 
following  table: 


pMCMt.C 

Out 

Gnuni. 

e.o. 
Cnprcr 

o.«. 
Chromic 

Koiuiion. 

Acid 
8  •  (ir. 

•■f- 

Aeid 

3p  Or. 

171. 

O.B. 

Aftd 
8  <-  Cr 

MO. 

B.«. 

H,0,. 

Over  1.6 
0.8-1.5 
O.S-0.8 
0.35-O.fi 
LMi  than  0.25 

0.4-0.5 
1 
2 
3 

5 

s 

ID 
30 
SO 
50 

6 

10 
20 
45 
50 

136 

130 
ISO 

75 
.,  70 

30 

25 

5 

5 

5 

1 
3 
3 
S 
2 

Tlie  substance  is  treated  with  the  copper  sulphate  solution  in 
the  tlocomposition-flaKk  nt  the  ordiimr}-  temperature.  Mullceble 
iron  is  allowetl  to  stamt  for  at  least  one  hour,  while  pig  iron  re- 
quites at  least  six  hours.  The  flask  in  then  connected  with  the 
meamiriiig-tiihc,  which  is  filktl  with  mercury,  and  the  air  in  the 
Qaak  is  €.\)iau6ted  as  was  det%ribi*(l  on  p.  3EK).  After  this  is  ac- 
complished, the  levelling-tutx!  is  placed  in  a  low  |>osilioii  and  the 
proper  amount  of  the  chromic  acid  solution  is  added  tliroiigh  the 
funnel,  followed  Brst  by  the  proper  amount  of  the  stronger  acid  and 
then  by  that  of  the  weaker  acid,  after  which  the  stop-cock  in  the 
funnel  is  (juickly  closotl.  The  communication  bciwecii  the  mea&* 
uring-tube  and  the  flask  remains  open.  With  the  levelling-tubo 
lemaimng  in  its  low  position,  the  contents  of  the  Bosk  arc  heated 
to  fimtlA  boiling,  which  is  continut-d  for  one  hour,  and  the  flame 
is  then  removed.  Now,  in  or^ler  lo  remove  the  last  traces  of 
carlion  dioxide  from  the  solution,  the  prescribed  amount  of  hydro- 
gen peroxide  is  added  to  the  contents  of  the  flask  and  the  ilask 
is  afterwards  conipleicty  filled  with  hot  water  until  all  of  the  gas  is 
driven  over  into  llie  nitaauring-tubc.  The  stop-cock  6  is  then 
closed,  tlio  gas  is  reduced  to  the  volume  correeptmding  to  0"  C. 
and  7G0  mm.  jiressuitt  as  described  on  p.  3>S  and  tliis  volume 
read.  It  is  tlien  driven  over  into  the  Orsat  tube  and  the  volume 
of  the  unabsurbed  gas  is  detcnuined  as  before.  The  difference 
between  the  two  rcsdinc  repiwi^nts  the  amount  of  cnrbou  dluxido 
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meafiurcti  under  the  BtaiKlard  conditions  of  temperature  and 
prpssiire.  If  this  is  multiplied  hy  the  factor  0.00(>.'392  the  amount 
of  carbon  present  will  lie  obtained. 

Aftor  the  analysis  has  been  completed,  a  blank  determination 
must  \)c  made,  using  the  same  amounts  of  cuch  reagent,  in  order 
to  lietennine  small  amounts  of  organic  matter  which  are  invariably 
pnvsent  in  them.  The  amount  of  carbon  dioxide  found  under 
Ihfsp  conditions  must  be  subtracted  from  that  obtained  in  the 
analysis  proper. 

Method  of  Ilempel* 

Hempel  objects  to  the  above  procedure  on  the  ground  that  by 
dissfilving  the  iron  in  the  mixture  of  chromic  and  sulphuric  acids 
some  hydrocarbon  is  likely  to  escape  oxidation.  He  found  that 
by  dissolving  iron  in  chromic -sulphuric  acid  under  diminished  pres- 
sure in  the  presence  of  mercurj*  all  of  the  carbon  would  be  readily 
oxidized  to  its  dioxide.     Kig.  G6  represents  the  apparatus  used. 

lieagents  Required. 

1.  Chromic  acid  solucion.  JC)0  gms.  of  chromic  acid  are  d* 
solved  in  300  c.c.  of  water  and 
30  gnis.  of  sulphuric  acid,  sp.  gr. 
1.704,  are  added.  'Die  resulting 
solution  has  a  specific  gravity  of 
1.2. 

2.  Sulphuric  acid.  lOOO  c.c.  of 
concentrated  sulphuric  acid  are 
mixed  with  500  c.c.  of  water  and 
JOgniB.  of  cKrouiic  acid  and  heated 
for  an  hour  in  s  large  flask  \ipon 
ft  sand-bath  in  order  to  completely 
destroy  any  dust,  etc.,  that  may 
be  pressenl.  The  flame  is  then 
taken  away  and  a  curreut  of  air  id 
skiwly  conilucted  through  the  solu- 
tion in  order  to  remove  any  carbon 
dioxide  that  may  have  becfi  formed. 
After  cooHng  the  solution  is  diluted 
specific  gravity  of  1.7U4. 

*  Verhucllg.  d.  Vereins  i.  BftrOrd.  d.  GewerbeQeisses,  1S8^ 
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IVocerfure. 

About  0.5  gin.  of  tlie  iron  or  stwl  is  placed  in  the  decomposi- 
tion-flask B,  about  2.3  gma.  of  nuTciin,-  are  added  by  means  of 
a  sinall  piiwttc,  and  the  apparatus  is  connected  together  as  is 
(hown  in  the  drawing. 

By  raising  the  levelliiig-bulb  .V,  the  inpasuring-lubo  M  is  entirely 
filled  with  mercury,  the  stop-cock  is  clowd,  and  the  apparatus  is 
connected  at  p  with  a  suction-pump,  by  means  of  which  the  air  in  the 
fiask  B  is  exbautited  tm  co]npIet(.rly  as  poe>sibIe.  In  onler  to  make 
sure' that  the  ground-glafis  connection  between  the  flask  and  tho 
condenser  is  perfectly  air-tight,  a  little  water  is  p{>urcd  into  tho 
Clip  there.  Into  tlie  fuimel  C  are  placed  30  c.c.  of  chromic 
acid  solution,  the  stop-cock  at  p  is  closed,  and  by  carefully  lifting 
the  latter  a  little  tbe  chromic  acid  is  allowed  to  nm  into  the  flask, 
which  is  inimcJiately  hi*utcd  t<»  Imiling  over  a  small  flame.  Aftci 
boiling  for  half  an  hour,  lUU  c.c.  of  sulphuric  acid  are  added  throu^ 
C,  the  stop-cock  at  .1/  is  now  opened  for  th?  first  time  and 
the  conteiiita  of  the  flask  boiled  for  half  an  hour  longer.  (At  the 
start  only  carbon  dioxide  is  grneratftd,  in  proportion  to  the  tj^m- 
perature  of  the  solution,  hut  toward  the  end  of  the  ojioraiion  there 
is  a  fairly  lively  evolution  of  oxygrn.)  The  flame  is  remove*!,  tho 
gas  in  the  flask  i.i  carried  over  into  M  by  pouring  water  int«  C  and 
lifting  the  tube  p  until  the  gas  in  the  fl.osk  is  rntirrly  expelled. 
Tho  total  vohmic  of  the  gas  is  read,  after  which  the  carbon  dioxide 
U  absorbed  in  a  Ilempel's  potash  pipette  and  the  voltmie  of  tho 
unabsorbed  gas  is  determined.  The  difference  represents  the 
amount  of  carbon  dioxide  formed  by  the  oxidation.  From  this 
the  amount  of  carlwn  present  can  bo  compute<l. 

The  measiiring  of  the  gas  in  this  apparatus  will  be  described 
more  in  detail  in  Part  III,  C.as  Analysis. 

Other  methmis  for  tho  determination  of  the  volume  of  the  car- 
bcm  dioxide  fonm-d  from  the  carbon  in  iron  or  steel  are  those  of  J 
Wiborgh,*  Otto  rctterasou  and  August  Smitt.f 


•  Zdt.  r.  anal.  Chem..  XXIX  aS0O),  p.  198. 
t  Ibid.,  XXXn  (1803),  p.  3^5. 
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The  mothoils  nlrearty  doflcribi'il  are  Huitflble  for  the 
detymiination  of  carbun  in  wrought  iron,  caj^l  iron,  stocl^ 
etc.,  but  not  io  nlloys  such  as  fitrro-Hilicon,  fcrru-chmmc  or 
tungsten  steel.  For  surh  niatbriiils,  iht>  folluwing  method  is 
used. 


Wohler's  Chlorine  Process.* 

Principle. ^7\ic  sample  of  iron  or  steel  is  heated  in  ft  stream 
of  pure  chlorinp  gas  whereby  iron,  silicon,  phosphorus,  and  sulphur 
arc  volatilized  whib  the  carbon  remains  hehin'l  in  the  presence  of 
small  amounts  of  non-volatite  chloride?.  The  silicon  pn-sent 
as  silica,  due  to  inclosed  slag,  is  not  affected  by  the  treatment. 
The  residue  is  filtered  through  asbestos,  the  chlorides  washed  out 
by  water,  and  the  enrbon  burned  to  carbon  dioxide  either  in  the 
wet  or  in  the  dr)'  way. 

The  principal  requisite  for  the  success  of  the  process  is  pure 
chlorine.  This  must  not  contain  ox>*gen,  water,  nor  carbon 
dioxide,  beeause  these  substances  all  tend  to  convert  a  part  of 
the  carbon  into  carbon  monoxide,  whereby  low  results  are  ob- 
tained iu  the  carbon  duternilnation. 

Prwtfdure,— The  »pecimi'n  is  subjected  to  the  action  of  eldorino 
in  an  apparatus  like  that  shown  in  Fig.  67. 

B  is  the  liter  fl.i»k  in  which  tlic  chlorine  is  generated;  it 
contains  about  '^OO  gnu*,  of  pyroluaile  and  500  •.c.  of  concentrated 
hydrochloric  acid.  The  contents  of  the  flai-k  are  heated  over  & 
ver>'  low  flame  and  in  this  way  a  continuous  (Stream  of  chlorine 
is  evolved.  When  the  current  begins  to  slacken,  more  hydro- 
chloric acid  is  needed  which  is  allowed  to  flow  into  the  flask  through 
a  Bulk's  t  dropping  funnel.}     To  regulate  the  current  of  gaa,  the 

•  Z.aual.  Ch<.m.,  8,  401  (1869),  cf.  A.  LodelDur,  Loitfaden  far  Ewcnhlittco 
LBliuratoricn . 

tZ.  anal,  fhf-m..  16,  4«7  (1S92). 

\  Th*--  flow  <if  ttic  ucid  is  regulated  hy  raisinp;  the  tube  S.  Instead  of  S 
a  glajtt  rcxl  covered  with  rubbu  tubing  may  be  used. 
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flask  i&  connected  with  the  righ't-aiigled  tube,  h,  which  is  provided 
with  a  stop-cock  and  leads  to  a  cylinder,  A,  containing  caustic 
Boda  solution.  If  the  strcjiiri  of  chlorine  becomes  too  atrong,  the 
stop-cock  is  opened  u  little  so  that  ilie  excess  of  chlorine  in  absorbed 
by  the  sodium  liydrnxidc.  The  chlorine  is  purified  by  means  of 
the  tubes  a,  b,  c,  C,  and  d;  a  contains  water,  b  concentrated 
sulphuric  acid,  c  glass  beads,  or  pumice,  niuistened  with  sulphuric 
acid.    C  iR  a  tube  40  cm.  long  and  1  cm.  wide,  made  of  diiticultly- 


Fki.  67. 

fuRible  gloss.  It  contains  a  layer,  1.5  cm.  long,  of  coarse  charcoal 
which  has  previously  been  well  ignited  and  cooled  in  a  desiccator. 
The  charcoal  is  placed  in  the  tube  between  two  loose  plugs  of 
ignited  osbeiitofl.  The  tube  is  heate<l  to  dark  redness  in  a  small 
combut^ticin  ftiniace.  If  the  chlorine  gas  contains  small  amounts 
of  oxygirn  (air)  or  carbon  di{)xide,  thc«e  arc  changed,  on  coming 
in  contact  wjih  the  hut  irharcoal,  to  carbon  monoxide,  which  is 
unafTecti'd  by  the  carlxjti  in  the  iron  or  steel.  The  last  traces  of 
moisture  arc  removed  by  passing  the  gas  through  the  tube  d 
containing  ^bas  beads  motaicncd  with  concentrated  sulphuric 
acid. 

The  chlorine  gas  is  next  passed  into  the  combustion  tube  D. 
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This  ia  about  40  cm.  long  by  1.5  cm.  wide,  is  bent  into  a  right 
angle  and  leads  into  coiiccntrutiHl  sulphuric  acid  in  the  flaak  e. 
The  Bulplmriti  acJd  serves  as  a  seal  and  prevents  air  from  getting 
Into  the  tube. 

The  Bubstaoce,  wliidi  hIkiuUI  be  as  fine  as  possiblo,  is  sprinkled 
as  a  thin  layer  ♦  u|kui  a  previously  ignited  porcelain  boat.  Of 
ferro-fhromc  about  0,5  gni.  should  be  taken,  and  of  fcrro- 
silicon  about  1  gm.  The  boat  is  shoved  into  the  combustion  tube 
and  the  evolution  of  chlorine  is  .starticil  as  described  above.  The 
tube  is  not  heated  at  all  until  afwr  about  twenly  ininute.4,  when 
the  air  will  have  all  been  expelled;  then  the  heating  is  begun  very 
gra<lually,  lighting  the  burnera  one  at  a  time  from  right  to  left. 
The  formation  and  volatilisation  of  the  ferric  chloiide  takes  place 
at  a  relaiively  low  temperature. 

jtVs  soon  as  no  more  brown  vapora  escape  from  the  tube,  the 
heat  is  gradually  ratrtcd  until  thfr  tube  begms  to  get  red  and  then 
the  residue  in  tlic  tube  is  allowed  to  cool  in  the 
stream  of  chlorine. 

The  boat  is  removed  from  the  combustion 
tube,  and,  In  the  case  of  ferro-silicon,  the  con- 
tents are  rinsed  with  cohl  water  into  a  boakcr. 
From  the  beaker  the  insolublr  reiudue  is  wa.shed 
into  an  aabcstos  filter  prepared  as  follows:  In 
the  funnel  R,  Fig.  6S,  which  is  about  1  cm.  wide 
and  5  cm.  long,  is  placed  a  little  glass  wool, 
and  upon  this  a  suspension  of  ignited  asbestos 
fibers  in  water  is  poured  until,  with  the  aid  of 
light  suction,  the  filtrate  comes  through  perfectly 
free  from  asbestos  fibers.  The  residue  ia  washed,  on  such  a  filter, 
with  cold  water  until  no  chloride  can  be  detected  in  the 
filtrate. 

The  carbonaceau.4  tesidue  can  be  oxidized  in  the  apparatus 


Fio.  6& 


♦  Thia  i»  eajjeciaHy  imporUiDt  in  the  cose  of  ferro-chmme,  bcrau.<w 
otherwiNo  llir  melal  will  bnciime  coveml  with  a  canting  of  noii-vulntila 
chromic  cUoriile  which  pteveaU  it  from  being  acted  up<}D  by  the 
<>hlorinc. 
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ghowQ  in  Fig.  Go,  p.  400  but  in  thid  case  the  flask  A  should  contam 
5  c.c.  of  a  saturated,  aqueous  solution  of  chromic  acid,  and  60  c.c. 
of  sulphuric  acid,  sp.  gr.  1,71  which  is  likewise  saturated  with 
chromic  add. 

In  the  analysis  of  ferro-chrome,  there  is  always  some  insoluble 
chromic  chloride  in  the  boat  which  cannot  be  rem:>ved  by  washing. 
In  lliis  case,  therefore,  the  substance  after  being  heated  in  a  stream 
of  clUorine,  is  heated  in  an  atmosphere  of  hydroRen,  whereby  the 
insoluble  chromic  chloride  is  converted  into  soluble  chromous 
chloride.  The  contents  of  the  boat  are  then  treated  exactly  as 
described  above. 


Combustion   of  Carbon  in  tfa«   Dry    Way.* 

(a)  SotiUion  0/ the  Inm. 

A  number  of  methods  Imvo  been  proposed  for  dissol^-ing 
away  the  uon  and  leaving  the  carlton  behind  in  the  form  of 
an  insoluble  residue.  For  this  purpose  a  solution  of  potas- 
wum-cupric  chloride  containing  3IJ0  gms.  of  the  tlouUle  salt 
PKCI.CuCIj.'JHbO)  and  7i>  c.c,  of  concentrated  hydrochloric 
acid  to  the  liter  has  proved  most  satisfactory'.  Before  using, 
the  solution  is  filtered  through  ignited  asbestos  and  prt-servcd 
.in  a  glass -?Wpf»ered  bottle.  The  solution  of  the  borings  lakes 
place  ven,-  slowly  imk-ss  the  solution  is  stirredf  which  is  best 
accomplished  by    means  of   a    mochamcal    stirrer.       Warming 


*  The  dry  combustion  mi.-lUr>li  arc  much  u&m)  in  tiic  Bt4>et  InhorftloHes  of 
the  TJiuUkI  Swics  and  by  the  Bun>:ui  of  .St.-imlanls  at  Wiuihinjton,  D.  C,  tor 
aD&lysing  Hpcvia]  s.imptc>8  of  iron  uit-l  ittorl  uliich  are  avui1)il>li>  for  ilistrihutioa 
sod  serve  u  staii'lanl  wiiiiplt^^  »(  krji>wn  chrmjpitl  compositioii.  Further* 
mora,  the  Committee  ou  Standartl  Methods  of  tlie  American  Foundrymon's 
AflBoeistioo  (Chemicnl  Kn^piiMT,  a,  416  (IO07>  have  nK-orniiinidod  tho  use 
of  a  diy  eorobiution  methcxl  fnr  oettlinK  all  casea  of  diaDUt«. 
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the  solution  also  helps,  but  it  should  never  bu  heaUid  above 
60**  to  TO**.     The  following  reactions  take  place: 

Fe+Cuag-FeQa+Cu, 

2C11+ 2CtiCla  -  2CuaCIa. 

The  presence  of  potassium  ehloridr  aids  the  solution  of 
thi^  copper,  probably  on  account,  of  ihp  fonnalion  of  a  double 
salt. 

The  residue  is  Bltere<l,  dried  and  usually  burned  in  a  current 
of  oxygen,  the  carbon  dioxide  bcinE  absorbetl  in  a  wcifihed  bulb 
containing  potassium  hytli-oxide  solution.  To  make  sure  that 
the  oxj'gen  used  contains  no  carbon  in  any  form,  it  is  advisable  to 
make  use  of  a  prchoatins  tub**,  such  as  for  example  a  short  porce- 
lain tube  filled  with  copper  oxide;  tliis  serves  to  convtTt  any 
carbon  to  carbon  dioxide  which  is  then  absorbwl  in  potassium 
hydroxide  solution  before  coming  in  contact  with  any  of  the 
carbon  from  the  sample. 

The  combu.stif>n  may  take  place  in  a  porcelain  or  platinum 
lube,  or  in  a  special  form  of  crucible,  such  as  the  jackfted  crucible 
devised  by  Shlmcr,  or  the  tubulated  one  of  Ciooch.  These,  how- 
ever, are  made  of  platinum  and  arc  expensive  but  Ruppel '  has 
shown  that  one  of  nickel  answers  the  purpose  equally  well. 

The  following  directions  are  taken  from  the  Uteport  of  the 
Committee  on  Standard  Metho<]s  of  the  American  FoundrjTni'n'a 
Ajtsociatlon  and  corresponds  closely  to  the  method  used  by  the- 
Bureau  of  Standarils  at  Washington,  D.  C,  in  preparing  standard 
samples  for  distribution.  They  apply  equally  well  for  the  ueter- 
mination  of  the  total  carbon  in  steel  c.'fcept  that  in  the  latter 
ca«o  usually  3  gms.  of  the  sample  and  200  c.c.  of  the  potassium* 
cupric  chloride  solution  are  used. 

•  J.  InO.  Eii«.  Chem.  1,  US  (1900). 


L 


DETERMINATION  OF  TOTAL  CARBON  IN  CAST  iRON.      4ii 

Determiiiation  of  Total  Carbon  in  Cast  Iron. 

The  tmin  used  conaista  of  a  prc-hcating  furnft(X'  contflining 
copper  oxide,  foUowud  by  »  bulb  containing  potassium  hydroxide 
Bolution  (sp.  gr.  1.27),  then  one  containing  granular  calctiim 
chloride;  the  latter  ia  connected  with  a  tcn-bumnr  comhiistion 
furnace  in  which  cither  a  porcelain  or  platinum  tube  Ls  placed. 
This  combustion  tube  contains  four  or  five  inches  of  copper  oxide 
between  plugs  of  platinum  gauEC.  The  phig  at  the  front  end  * 
of  the  furnace  should  be  at  about  the  point  where  the  tube  leaves 
the  furnace.  A  roll  of  silver  foil.f  about  two  inches  long,  is  placed 
in  front  of  this  plug.  The  combustion  tube  is  connected  at  this 
end  with  a  tube  connecting  anhydrou.*i  eupric  sulphate,  one  of 
anhydrous  cuprous  chloride,  and  one  of  granular  calcium  chloride. 
A  Geiaaler  or  Liebig  bulb  is  connected  with  this  Kst  tube  and 
contains  potaaaium  hydroxide  solution  (sp.  gr.  1.27)  with  a  pro- 
long of  calcium  chloride.  A  calcium  chloride  tube  is  used  between 
this  last  tube  and  the  aspirator  bottle  to  prevent  any  moUture 
working  backward. 

In  filling  the  calcium  chloride  lubes,  C3]>ccially  the  prolong  of 
the  absorption  bulb,  care  must  be  taken  t-o  pR'ss  down  the  calcium 
chloride  lumps  well  agaiust  one  another,  as  when  the  tube  ia 
loosely  filled,  aome  moisture  is  likely  to  get  by.  A  negative 
blank  is  often  obtained  by  beginners  for  this  reason. 

Before  using  the  apparatus,  the  contents  of  the  tube  should 
be  heated  for  half  an  hour  in  a  stream  of  oxj-gen.  then  the  weighed 
absorption  bulb  should  be  connected  with  the  train  and  a  blank 
determination  made.  Th(<  bulb  should  not  gain  In  weight  more 
than  U.5  mgm. 

One  gram  of  the  well-mixed  drillings  are  meanwhile  dissolved 
iu  lOOc.c.of  the  double  chloride  solution,  and  the  solution  event- 
ually Altered  on  ignited  asbesots.     The  beaker  in  which  the 

*  In  dcacribing  a  combuation  train  it  is  cu-iUimiU)'  to  follow  the  direction 
of  tlic  ftnw  wf  Riw.  TliB  back  or  rear  end  i»  conaidcrcd  the  pnd  towarj  the  )[»■ 
renervoir,  lUid  the  fnjnt  or  forwiml  etui  iit  tlimt  tuwri'Ml  lu  th«  wriKlx-^  pots^ 
bulb. 

t  Thi'  ailvor  foil  u  uimooeKaary  If  the  earbonacaous  rasidue  la  iraahed 
frae  (rom  hydrochloriL-  ociil. 
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solution  iook  place  Is  washed  thoroughly  with  20  e.c.  of  dilute 
hydrochloric  acid  (1:1),  and  transferred  to  the  filter  by  means  of 
more  of  the  same  acid  from  a  wash-liuitle.  Finally  thu  rcisiduc  is 
washed  on  the  filter  with  hot  water  until  free  from  chlorides. 
The  filler  is  then  dried  at  a  temperature  between  95°  and  100°. 

Blair  retomineiids  the  use  of  a  perforated  platinum  boat  for 
the  Gkering.  Thia  uruiuestionably  works  well,  but  where  luatvy 
detcrminationB  art^  being  made  it  involves  considerHbIc  expense. 
An  excellent  substitute  ean  be  prt-parctl  from  a  funnel  Hurh  aa 
was  described  for  use  with  a  Cooch  crucible,  although  it  is  well 
to  shorten  the  aides  somewhat.  A  ttRht  coil  of  copper  wire  is 
placed  in  the  bottom  of  the  futmel  with  a  long  free  end  of  wire 
reaching  down  Ix'low  the  bottom  of  the  stem.  Loose  ignited 
asbestos  is  plated  upon  the  coil  of  wire,  fol!owe<l  by  a  suspeinion  of 
the  same  asbestos  in  water.  .After  applying  suction,  the  aMbestoa 
is  gently  tumped  down  with  the  llatieiied  end  of  a  stirring  rod. 
The  finished  pad  is  about  0.75  of  an  inch  in  diameter  and  0.25 
of  nn  inch  thick. 

The  dried  asbestos,  with  the  carbon  upon  it,  is  pushed  into 
back  end  of  the  furnace  am!  the-  funnel  wiped  out  with  dry,  ignited 
asbestos,  Care  should  be  taken  thnt  the  carbon  on  the  asbestos 
reaches  far  cnouph  into  the  tube  to  get  the  full  heat  from  the 
furnace.  The  burners  under  the  pre-heating  furnace  are  now 
lighted,  the  oxygen  turned  on  and  allowed  to  pass  through  the 
Absorption  bulb  at  the  rate  of  three  bubbles  per  second,  but  no 
faster.  The  two  forward  burners  under  the  combustion  tube  are 
lighted,  at  first  turning  them  low  and  gradually  r.iising  the  heat 
until  the  tube  is  hot.  As  soon  as  this  end  of  the  tube  w  hot,  the 
thirrl  burner  from  the  forward  end  is  lightetl  and  a  few  minutee 
later  the  fourth  burner,  which  should  be  near  the  forward  end 
of  the  carbon  residue.  Light  each  burner  in  succession  until 
finally  all  are  lighted  and  turned  high  enough  to  heat  the  tube  red 
hot.  After  twenty  minutes  have  elapsed  from  the  time  the  last 
burner  is  turned  on  full,  the  oxygen  is  stopped  and  a  current  of 
air  swept  through  the  tube  at  the  same  rate  for  twenty  minutes 
longer,  gradually  turning  <lown  the  burners  under  the  com- 
bustion tube.  The  potassium  hydroxide  bulb  at  the  front  of 
the  train  Is  then  detached  and  weighed  with  the  usual  prccautiona 
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When  the  Shimer  or  similar  crucible  ia  used  for  the  combustloQ, 
it  should  be  followed  by  a  copper  tube  ]%  of  an  inch  inside  diameter 
and  10  inches  long  with  its  ends  cooled  by  water  jackets.  In  the 
center  of  this  tube  Is  placed  a  disc  of  platinum  gauze  and  for  threo 
or  four  inches  in  the  side  toward  the  crucible  a  roll  of  silver 
foil,  and  for  the  same  distance  on  the  other  side  some  copper  oxido. 
The  ends  of  this  tube  are  plugged  with  glass  wool  and  the  tube 
heated  with  a  &h*tail  burner  before  the  aspiration  of  air  ia 
started. 

b.  Direct  Combustion  0/  the  Samjtle. 

In  moat  casos  it  ia  possible  to  effect  the  combustion  by  heating 
the  Bnely  divided  substance  itself  in  a  current  of  oxygen.  In 
fact,  according  to  Blair,*  this  is  true  not  only  of  ordinarj.-  steels 
and  pig  iron,  but  experiments  have  shown  that  with  chrome- 
tungsten  steels  the  direct  method  is  capable  of  giving  exact 
results,  whereas  those  obtained  by  dr>*  combustion  after  solution 
of  the  iron  in  potassium-cupric  chloride  arc  from  10  to  40  per 
cent,  too  low. 

It  has  been  claimed,  however,  that  there  18  difTiculty  in  burn- 
ing all  of  the  carbon  on  account  of  the  sample  becoming  coated 
Buperficialty  with  oxide,  but  according  to  Schneider  t  this  may 
be  overcome  by  mixing  the  finely  divided  sample  with  three  part9 
of  lead  and  one  of  copper. 

The  combustion  may  be  carried  out  in  a  platinum  tube,  'in 
one  of  the  special  forms  of  crucible,!  in  a  porcelain  tube,  or  in 
one  of  fuiwd  quartz.  When  platinum  w  used  it  is  advisable  to 
place  the  drillings  in  a  little  depression  of  ttand,  the  layer  of  wbicb 
being  not  Ie»s  than  0.2.J  in.  deep. 

According  to  Campbell  and  Cott,§  if  a  combustion  boat  con- 
taming  the  borings  of  sample  is  placed  in  a  cold,  platinum-lined 


^ 


*  A.  A.  Blair.  The  Chemical  AnalyiuB  g(  Iron,  7th  ed.  (1908). 

t  OHtcrr.  ZeiLschr.,  1894,  N'o.  21. 

t  P.  W.  Shimer,  J.  Ind.  Ktig.  Cbem.,  1,  738. 

{  J.  lad.  Eag.  Chem..  1,  73». 
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porcelain  IuIjo  anil  then  heated  at  a  U'lnpeniturc  of  about  900*, 
coniplot*'  cornbuHtiuii  will  take  place  without  i-mlan^fring  the 
platimtin  liy  any  i*|mttfriti(;  nf  tlic  uxidrs  furiiii'il. 

It  is  very  (•'.'iivfiiieut  t«  lit-aL  lln^  tuhtt  by  means  of  an  eloftric 
furnace.*  Sm-h  a  furnace  can  be  constructed  at  a  coat  not 
exceeding  S30. 

Detennination  of  Graphite. 

One  gram  of  pi^  Irmi  Is  In-ntrd  with  35  f.v.  fif  nitric  acid 
(sp.  irr.  l.lii)  in  a  :i()0-c.r.  lu-akor  and  hfatrd  gently  until  there 
\r  no  further  evolution  of  gas.  By  this  meani  the  carbide  PArbon 
IB  diafioivril  whik^  the  graphite  is  not  attacked.  The  solution  is 
filtereil  through  an  ignited  ashestoft  filter  and  ihe  residue  washed 
with  hot  water,  then  with  a  hot  solution  of  potassium  hydroxide 
(ap.  gr.  1.1),  followed  by  hot  water,  dilute  hydroeohloric  acid, 
and  finally  with  hot  water  again  until  free  from  chloride.  After 
drj'ing  at  IKT,  the  asbestoa  and  graphite  are  transferred  to  a 
combustion -tube  and  the  carbon  humed  in  a  current  of  pure 
oxygen  aa  deacribed  above.  From  the  weight  of  carbon  dioxide 
absorbed,  the  amount  of  graphite  Ls  calculated. 

Determination  of  Carbon  and  Hydrogen  in  Organic  Substances, 

according  to  Liebig. 

(Eieinciitary  A  nabjgis.) 

Principle. — ^The  org^kiiic  substance  ia  burned  in  air  or  in  oxygen 
and  the  products  of  the  combustion  are  passed  over  glowing  cop- 
per oxide,  which  oxidizer  all  of  the  carbon  to  carbon  lUoxido 
and  the  hydrogen  to  water.     The  latter  is  collected  in  a  weighed 
calcium  chloriile  tube,  the  fyrnier  in  a  weighed  vessel  which  con- 
tains either  caustic  potash  solution  or  dry  soda-lime. 
The  combustion  is  performed, 
(a)  In  an  open  lube; 
(ft)  In  a  duKiX  talfe. 

*  J.  Intl.  Eiig.  Chum.,  I,  741.  Ciiuipbt-ll  and  fiott,  loc.  cit.  W.  H.  Keen, 
J.  Ind.  Eng.  Chcm.,  I,  741.  Using  a  qtuirtji  tube,  it  »  w«ll  to  plkoe  tba 
finely -divided  stc^l  in  An  alundum  boat  ou  a  l)«d  o(  iiowderiMl  aiunduni.  To 
prevent  lujury  of  tlic  tube  by  sputterud  oxide,  tlit;  buul  sbuuld  be  placed  within 
a  c^'Uiidci'  of  iiicktJ  foil. 
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(a)  Combustion  in  an  Open  Tube. 

By  far  the;  grfater  majority  of  all  combustions  arc  carriod  out 
In  this  way. 

Hrquirementa.~l.  An  oi»n  tube  madeof  difficiilUy-fusiljle  glass 
which  is  from  12-15  mm.  iviHe.  The-  length  of  the  tulw  d(';>pnds 
upon  that  of  the  comhiwiiou-fiirnMco;  it  niu»t  be  10  cm.  luoger 
thaii  till!  ftiniacc. 

2.  350  giiia.  of  coarse  and  50  piis,  of  fiiw  cupper  oxide. 

3.  A  drying  nppamttw  fFig.  69,  on  the  left). 

4.  A  calcium  cliloride  tubf*  (Fig.  7lJ). 

5.  A  f;pi«Jpr  potash  bulb  (Fig.  71)  or  two  soihi-Iime  tiihrs 
(sec  p.  3S1,  it  and  e). 

6.  A  HcrcwH'ocIc. 

7.  Dry  nifilx^r  tubitig. 

8.  Two  platrti  of  asl>estos  board  to  protect  the  rubber  stoppers 
in  the  two  ends  of  the  tube  from  the  heat  of  tlio  furnace. 


Fio.  fiO. 

Procedure  for  the  Combustion  of  Organic  Substances  Free  from 
nitrogen,  Halogen,  Sulphur,  and  Metals. 

Preparation  ami  Cumhuxtion. 

1.  Th*  calciiim  chloride  tvhc  (l-'ig.  70J  ih  fdled  from  the  left 
aide  as  was  dracribtrd  on  p.  377,  cloyed  with  a  yAu^  ot  trlass-wool 
and  thp  end  of  tho  tube  fused  togelherj  as  nhown  in  the  figure.* 
It  is  more  prnrtical  to  use  a  calrlum  chloride  tube  fitted  with 
groimd-Klass»l*ip|x?ni.  After  fdlirip  the  lulie,  il»  contents  are  satu- 
rated with  carbon  dioxide,  as  ilescrilxvl  on  p.  3S0,  in  the  foot-note. 

The  outside  of  tho  lulie  is  rub1>o<l  with  a  piece  of  chamois  skin 
or  old  liru'n,  and  the  two  ends  are  stoppiered  with  short  pieces 
of  rub1>cr   tubin*;  each    containing  a  piece  of  sUrring-rod.     It  is 

*  Or  the  tube  in  stoppCTed  and  oo  uir-ttKbt  seal  idacIo  by  covering  it 
oeBtlywitb  svaling-wox. 
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iilbwed.  to  stand  in  the  balance-caae  for  fifteen  injnutes  and  ia 
then  n-eighed  without  the  stopijers. 

2.  The  Gfisnicr  bulh  {Viji.  71)  U  lilled  with  caustic  jjotash  solu- 
tion (two  parts  solid  KOH  iii  three  parts  of  water)  as  follows: 
rhe  smalt  soda-Ii-no  tub^  d  is  replaced  by  a  piece  of  rubber  tubing, 
c  w  riippod  into  the  solution  of  caustic  potash,  and  the  bulbs  are 
filled  two-thirds  full  by  sucking  through  the  rubber  tubing-     'Tha 

Fio.  70.  Fig.  71. 

end  of  the  tube  c  is  then  cleaned  by  means  of  a  piece  of  filter- 
paper,  the  soda-lime  tube  d  in  again  connected  (its  right  half  is 
filled  with  soda-limo  and  the  outer  half  with  calcium  cWoride), 
and  the  two  ends  are  closed  with  pieces  of  rubber  tubing  each 
coDtaining  a  piocit  of  sUrriug-rod  with  rounded  ends.  The  apparatus 
b  wiped  with  wash-leather  and  weighed  without  the  stoppers, 
after  taking  the  same  precautions  as  with  the  weighing  of  the 
largo  calcium  chlorido  tube. 

3.  The  drying  apparatus  (Fig.  S9,  on  the  left),  wliieh  serves  to 
free  the  air  and  oxygen  used  for  the  combustion  from  carbon  diox- 
ide and  water  vapor,  consists  of  a  wash-bottle,  D,  containing  con- 
oontrated  caustic  potash  solution,  the  soda-Ume  tube  a,  and  the 
two  calcium  chloride  tubes  6  and  c 


Fio.  72. 

4.  The  CoTnbustion-tube  (Fig.  72),  both  ends  of  which  are 
rounded  by  heating  in  the  blast-lamp;  after  cooliitg,  the  tube  is 
washed,  dried,  and  filled  as  follows:  First  a  abort  roll,  k,  of  copper 
gauze  ia  introduced  into  the  right-hand  end  of  the  lube  so  that 
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5-*CTi.  of  the  letter  are  left  empty.  This  roll  serves  aa  a  plug  and 
must,  therefore,  fit  tightly  in  the  tube.  A  layer  of  coarse  copper 
oxirb,  K,  about  45  cm.  lung,  is  next  added,  and  after  this  is  placed 
another  plug  of  copper  gauze,  hf.  Finally  another  roll  of  copper 
gauze,  d,  about  10  cm.  long  and  large  enough  to  fill  the  tube  loosely, 
ta  placed  so  that  a  space  of  about  10  cm.  is  left  on  the  right  and 
about  5  cm.  on  the  left.  The  tube  is  miw  placed  in  a  cotnbus- 
tion-fumace,  so  that  about  5  cm.  extend  beyond  the  furnace 
at  each  end,  as  shonm  111  Fig.  09.  The  left  end  ol'  the  tube  is  closed 
with  a  tightly  fitting  rubber  stopper  through  wliich  a  glaas  Lube 
passes,  and  is  connected  with  the  drj'ing  apparatus  by  means  of 
a  short  piece  of  rubber  tubing.  (The  tube  should  be  provided 
with  a  glass  stop-cock,  as  is  shown  ia  Fig.  72,  a,  but  which  is 
lacking  in  Fig.  69.)  The  right  end  of  the  tube  ia  left  open  for  the 
time  being. 

A  slow  current  of  oxygen  *  is  passed  throxigh  the  apparatus 
and  the  furnace  Lt  lighted.  At  first  the  flame  ia  turned  low  and 
the  whole  tube  w  ht^at^d  equally.  Gradually  the  temperature 
is  raised,  until,  with  the  tiles  covering  the  tube,  the  copper  oxide 
is  at  A  dull-red  ho&t. 

Usually  some  water  condenses  in  the  right-hand  end  of  the 
tube;  this  is  expelled  by  carefully  holding  a  hot  tile  under  the  tube. 
When  all  the  water  is  removed,  and  when  the  presence  of  oxygen 
can  be  detected  at  the  right  end  of  the  tube  (by  \\m  igniting  a 
glowing  splinter),  this  end  of  the  tube  is  closed  with  a  rubber 
stopper  through  wliich  an  open  calcium  chloride  tube  is  placed. 
The  burners  arc  now  turned  down  and  the  oxygen  current  dis- 
continued. All  of  the  flames  are  extingui^ilied  after  some  time 
except  thost}  under  the  right  half  of  the  tube. 

While  the  tube  w  cooling,  the  calcium  chloriile  tube  and  the 
potash  bulb  (or  soda-Ume  tubes)  are  weighevl  (the  stoppers  bdng 
replaced  immediately  after  tlie  weighing)  and  from  0.15-0.2  gm.  of 
the  sultstoncc  is  weighoil  into  a  ]>orcelaiu  or  platinum  Itoat. 

If  the  Bufastaucc  is  a  ditncuitly-volatile  oil  it  is  weighed  into  a 

•Tho  oxvKcn  miut  be  fire  from  hydrogen.  Commcrdftl  oxygen  often 
contain*  Xhf  IntUr,  in  nlikH  raiw  it  ia  neccMtiry  to  pAM  llitt  gm  ttinuigh  n 
"pnhoaiinic"  fiinmco  t^'forv^  u«ini;  lU  The  gms  should  cwng  from  a  fa» 
ometcr,  never  fnni  tlic  boniL>  itwrlf. 
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unall  gbuis  tube  open  at  one  enil.  1£  it  is  readily  volatile,  a  bulb 
is  blown  into  a  smaD  eapiUary  tube;  tliis  is  weighed,  the  bulb  is 
warnied,  and  the  capillary  ifi  intnxlucccl  into  the  liquid  to  be  ana- 
lyzed, so  thai  the  liquid  lietv  in  the  bulb  as  it  c^kjIs.  The  bulb  is 
then  turned  so  that  the  capillar^'  lies  in  a  horinrntul  podtion,  tiie 
latt-er  is  wamied  ehghtly  to  i-xiK-lalitilc  liijuid  that  adheres  to  the 
sides  of  the  tube,  the  end  Is  ineltt^I  togetiu'-r,  and  tlie  tube  is  again 
wei^ied.  Care  must  be  taken  that  there  is  no  liquid  in  the  eapil- 
larj'-  Eventhing  is  imw  ready  for  the  eomlmstioti.  Tlie  stopper 
is  removed  fmrn  the  left  (and  now  col»l)  end  of  the  combustion- 
tube,  the  long  cofjper  roll  is  removed  by  means  nf  a  piece  of  wire 
with  a  hook  in  the  end  of  it,  the  iKiat  with  the  sulietance  in  it  is 
placed  in  the  lube  and  the  copjier  nill  ripht  after  it.  Connection 
is  made  nith  the  dn-ing  apparatufi  on  the  left  and  wth  the  absoriv 
flon-tubes  on  the  right,  as  is  shown  in  Kip.  69.  In  case  the  sub- 
stance is  a  liquid,  the  tiibe  containing  it  is  placed  so  that  its  capillary 
is  pointed  towards  the  left,  and  in  the  case  of  a  volatile  liquid  the 
end  of  the  eapillaiy  b  broken  ofT  with  a  file  just  before  intrralucing 
it  into  the  combustion -tube.  The  stop-coc  Ic  iK'tween  the  tube  and 
the  drying  apparatiis  is  closed ,  the  latter  is  connected  with  an  aiiv 
gasometer,  and  the  stop-cock  in  the  dmng  apparatus  is  whoDy 
opened,  while  that  between  the  dr>-ing  apparatus  and  the  com- 
bustion-tube is  opened  just  enough  to  permit  two,  or  at  the  most 
three,  bubbles  of  gas  per  second  to  pass  through  the  apparatus. 
The  two  outer  burners  on  the  left  are  now  lighted  and  the  copper 
oxide  spiral  d  (the  copper  was  changed  to  the  oxide  by  the  ignition  in 
oxygen)  is  slowly  heated  just  to  redne^.  The  txibe  is  now  gnulu- 
ally  heated  from  right  to  left,  taking  care  that  the  gas  evolution  ia 
ne\'er  greater  than  four  bubbles  per  second  through  the  potash 
bulb ;  this  can  be  easily  regulat«I  by  means  of  the  stop-cock  or  by 
turning  the  gas-bumere.  When  the  contents  of  the  entire  tube 
have  be«i  brou^t  to  redness,  with  the  tiles  in  place,  and  the  boat 
ia  empty,  the  combustion  is  usually  complete.  It  is  well,  however, 
to  pass  oxygen  through  the  hot  tube  until  the  gas  can  be  detected 
at  the  right-hand  end  of  the  combustion  train  (a  glowitig  splinter 
ignites  at  n).*    The  Samcs  are  then  tuniod  down  and  a  current  of 

*  To  pivTcnt  maisturf  rrom  ii^tting  into  this  tube  fmm  the  air,  it  b  well  to 
oonnect  it  with  an  unireigtwd  riklcium  clikiride  tube. 
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(ur  passed  through  the  apparatus  until  the  exygen  U  completely 
expelleJ.  A  little  water  always  collects  in  the  front  (right)  end 
of  the  tube,  and  this  must  Iw  ilriveii  over  into  the  calcium  chloride 
tube  by  hoklhig  a  hot  tile  under  it.  The  calcium  chloride  lube 
and  the  [wtash  bulbs  are  now  removetl,  wiped  off  with  a  piece  of 
chamois  skin  or  a  clean  linen  cloth,  allowed  to  stand  in  the  balance- 
room  for  twenty  iriinutef,  after  which  time  they  are  weighed 
without  the  stoppers.  The  gain  in  weight  represents  the  amount 
of  water  and  carbon  dioxide  respectively,  and  from  this  the  amount 
of  hydrogen  and  carbon  con  bp  calculated  oa  follows: 

If  a  represents  the  weight  of  the  substance,  p  tliat  of  the  water, 
and  p'  that  of  the  carbon  dioxide,  than 


H,0:H,  =p:x 
18.02:2.02=p:i 
2.02 
*^  I8.O2'' 


and 


CO,:C  -p'rx' 
44:12=p':x' 

and  in  per  cest^ 

101    p  ^  „  3()0   p'  ,  - 

^.£=pcr  ccnt-H  ^'^^P^  «nt.C 


Determination  of  Carbon  and  Hydrogen  in  Nitrogenous  Organic 

Substances. 

By  the  combu'^tion  of  many  organic  substanca  oonifuning  nitro- 
gen, espeeialJy  nitroso-  and  nitro-compountb,  oxides  of  nitrogen  are 
formed  which  are  partly  absorbed  in  the  calcium  ehloride  tube  and 
partly  in  the  potash  bulb,  so  that  if  such  subetances  were  analyzed 
according  to  the  previous  process,  both  the  carbon  and  hydrogen 
rcaults  will  be  too  high.  If,  however,  an  unreduced  copper  spiral 
is  introduced  in  the  front  (right)  end  of  the  combustion-tube, 
tliis  ser%'cs  to  reduce  the  oxides  of  nitrogen  to  nitrogen  itself,  and, 
u  the  latter  is  not  absorbed,  correct  results  will  be  obtained. 

The  copper  spiral  is  prepared  by  rolling  together  a  piece  of 
copper  gauze  alxjut  10  cm.  wide,  making  it  as  large  as  will  con- 
veniently jiass  into  the  combustion-tube.  The  spiral  is  heated 
till  it  glows  by  holding  it  in  a  large  gas  flame,  and  while  Htill  hot 
it  is  thniwn  into  a  t^ist-tubc  containing  one  or  two  cubic  cenlj- 
ni«ters  of  methyl  alcohol.    The  alcohol  quickly  boils  away,  but 
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■ome  of  it  is  oxidized  to  ald^yde  by  the  hot  copper  oxide,  and 
the  latter  is  reduced  completely  to  bright  metallic  copper.  The 
spiral  is  taken  out  with  a  pair  of  crucible  tongs  and  dried  by 
quickly  passing  it  through  a  Banie  a  few  times,  and  wliile  still 
wami  it  is  introduced  into  the  front  end  of  the  combustion-tube, 
which  has  been  previously  burned  out  as  described  iu  the  pre- 
vious analysis. 

To  cany  out  the  combustion,  the  stop-cock  between  the  com- 
bustion-tube and  the  drying  apparatus  (Fig,  C9}  is  closed,  the 
subtjtauce  introduced  into  the  tube,  and  the  copper  o.'dde  spiral  at 


A 


Fia.  73. 


Fio.  74. 


Fro.  75, 


d  is  first  heated  and  then  the  reduced  spiral  at  the  other  end  of  the 
tube.    Then  l>eginning  at  k  (Fig.  72),  one  burner  is  lighted  after 
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another,  until  finally  the  entire  contcnt<3  of  the  tube  are  heftted  to 
dull  redness  and  no  more  bubbles  escape  through  the  potash 
buJb.  Now  for  the  first  time  the  stop-oock  is  opened  somewhat 
and  oxygen  is  passed  through  the  tube  until  it  can  be  detected  at 
n,  by  a  test  with  a  glowing  splinter.  The  flames  are  then  grailually 
turned  down,  the  oxygen  replaced  by  air,  and  the  analysis  com- 
pleted as  in  the  previous  case. 

Substances  hard  to  bum  are  treated  somewhat  differently. 
First  of  all  the  left  end  of  the  combustion  tube  (Fig.  69)  is  filled 
with  the  aid  of  the  funnel  T  (Fig.  73),-n'ith  finely  granular,  but 
not  pulverized,  copper  oxide,  and  this  is  ignited  in  a  stream  of 
<jxygen.  The  oxygen  is  then  replaced  by  air  and  the  tube  allowed 
to  cool  until  it  can  be  held  in  the  hand.  The  finely  granular 
eoppcr  oxide  ia  next  transferred  to  the  small  flask  K,  Fig.  74,  and 
the  flask  closed  by  inserting  a  tin-foil  covered  cork  which  w  fitted 
with  a  calcium  chloride  tube.  While  the  copper  oxide  in  tho 
flask  ia  becoming  perfectly  cold,  the  substance  to  he  analyzed  is 
weighed  into  the  glass-atop pcred  mixing  tube  M,  Fig.  75.  From 
onc-eixth  to  one-fifth  of  the  copper  oxide  in  the  flask  is  transferred 
to  the  mixing  tube,  which  is  then  stoppered  and  ita  contents  well 
shaken,  whereby  the  substance  becoraes  Intimately  mixed  with 
the  copper  oxide  to  which  it  adheres.  The  mixture  is  then 
transferred  to  the  combustion  tube,  and  the  mixing  tube  is 
Bhaken  rcpcatet'Iy  with  small  portions  of  the  remaining  copper 
oxide  in  the  flask  until  finally  it  can  be  assumed  that  all  of  the 
substance  has  been  transferred  to  the  combustion-tube.  The 
combustion  b  then  carried  out  in  the  uaual  manner.* 

Combustion  of  Organic  Substances  Containing  Halogens. 

The  analysis  is  conducted  exactly  the  same  as  in  the  eaae  of 
nitmgenoiig  nubstAnces,  except  instead  of  a  reduced  copper  spiral 
one  of  silver  i,<i  used  to  keep  back  any  halogen  set  free.  The 
niver  spiral  should  not  be  heated  to  redness,  but  only  to  about 
I80-2(X)*  C.  In  cft.se  a  silver  spiral  is  not  at  hand,  a  long  copper 
spiral  is  used,  its  end  reaching  outside  the  furnace. 


*  For  tinnthcr  mHliod  of  cntuhictlnfi  a  combustion  in  &□  open  tube,  fionmill 
IC.  DeoDst^Jt,  Z.  anal,  t^hem.  40,  6U  (1VI03J. 
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CombustioQ  of  Organic  Substances  Containing  Sulphur. 

Sulphur  com]X)unilfl  cannot  be  bumed  in  a  tube  containing 
copper  oxiiin,  for  the  Hiilplnir  ditixide  escapes  and  is  partly  ab- 
Borbpil  by  thp  water  in  the  calcium  chloride  tube  and  partly  in 
the  potash  bulb,  so  that  absolutely  worthless  results  are  obtained. 
Inst.eflrl  of  the  long  layer  oF  copper  oxide,  one  of  ignited  lend  chro- 
mato  is  use*!.  The  latter  oxidizes  the  sulphur  dioxide  to  sidphur 
trioxido,  forming  difficultly-volatile  load  sulphate  which  remains 
in  the  tube.  When  lead  chromatc  is  used,  the  combustion  must 
take  place  at  a  lower  temperature  than  with  copper  oxide,  for 
the  former  melta  easily,  and  by  adhering  to  the  glass  is  likely  to 
cause  the  tube  to  break. 

Combustion  of  Organic  Substances  Containing  Metals. 

If  the  Kiibstanrc  contains  alkalies,  alkaline  eartlis,  or  cadmium, 
a  part  of  the  carbon  will  remain  in  the  tube  aa  carbonate.  In 
tliis  case  the  substance  is  mixed  in  the  lx>al  with  a  mixture  of  ten 
parU  of  powdered  lead  chromatc  and  one  part  of  potassium,  chro- 
mate,  atid  tho  uumbustion  is  cunduetetl  u»  is  tlu>  caiMi  when  sul- 
phur is  present. 

Dumas'  Method  for  I>etermining  ITitrogen  in  Oi^anic 

Substances. 

This  determination  should  really  be  discussed  under  Part  III, 
but  it  vill  be  des^crilied  here  on  account  of  its  being  on  analysis 
by  combustion. 

Principle. — ^Thc  siilwtance  is  burned  in  a  combustion-tube, 
Jree  from  air,  which  contains  copjwr  oxific  and  copper  apirala 
exactly  as  in  the  dctcmiination  of  the  hydrogen  and  carbon  in 
substances  containing  nitrogen,  but  in  this  case  the  nitrogen 
evolved  is  measured. 

Procedure. — ^This  determination  may  be  carried  out  in  either 
ft  closed  or  open  tube. 
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(a)  Determination  in  a  Ctoaed  TtAe. 

The  necessary  apparatus  is  shown  in  Fig.  70.  The  combiis- 
tion-tuI>e  is  rl<j8e(l  Hi  one  eiitl  uikI  is  about  75  cm.  long.  It 
cuiitain»  at  .1/  a  layer  iif  inagiicsitp  15  cm.  h>ng.  in  pioc**  almut  tho 
BUG  t»f  a  ppji,  followed  by  a  loosp  plug  of  igiiittvl  ushp«t(w  and 
then  A  10-cm.  layer  of  coarse  copper  oxide,  S.  The  siilistanoe 
is  added  at  a  in  a  b<iat  and  mixed  with  powderrd  ropi>rr  oxide 
by  means  of  a  spirnl  wire  (cf.  p.  421),  after  which  a  layer  of 
eoarse  roppcr  oxide  *  about  40  cm.  long  is  added,  and  finally 
the  reduce<l  copper  spiral  {prepared  as  described  on  p.  41Jt).  The 
tube  is  then  placed  in  a  combustion-furnace  and  connected  with 
an  ftEotometcr,1"  bs  shown  in  the  figure,  which  is  filled  with  mer- 
cury to  a  little  above  the  lower  end  of  r,  and  upon  this  rests  a 
liberal  amount  of  cnustic  potash  solution  (300  ^\s.  KOH  dis- 
solved in  B  liter  of  water). 

The  experiment  is  begun  (wtlh  the  levelling-bulh  low  ami  the 
Btop-eoek  of  the  asotometcr  open)  by  heating  the  left  half  of  the 
magni>8itc  layer,  whereby  the  air  in  the  tube  is  expelled  by  the 
carbon  dioxide  and  passes  through  the  azntometer.  From  time 
to  time  a  test  is  made  to  see  whether  the  air  has  all  been  expelled. 
The  lovelling-hulb  ia  raiscil,  and  the  stop-cock  elofied  with  tho 
axotometer  tube  completely  filled.  If  all  the  air  has  been  replaced 
by  carbon  dioxide  gas,  the  bubbles  of  gas  will  all  be  absorbed  by  the 
caustic  alkali.  \^'hcn  this  is  the  case  the  flame  is  put  out  un<ler  J/. 
The  tube  is  heated  first  at  li  and  the  burners  are  lighted  one  after 
another  toward  the  left  until  iilKHit  tbretMpiartfre  ttf  the  layer  of 
coarse  copper  oxide  u*  heatetl  to  a  dull  rednoBs.  The  tube  is  then 
heated  at  S  and  tlto  procesH  Ih  cnutinued  as  in  an  ordiimry  rum- 
bustion  until  the  whole  tub<>  (witli  the  exception  uf  the  part  where 
the  magnc^fite  is  found)  ia  hi^utod  to  a  unifcnn  temperature  and 
finally  no  more  nitnigen  \a  evolved. 

The  heating  must  be  accomplished  so  that  there  will  be  a  slow 
but  steaily  evtUulion  nf  nitrogen.  When  tlie  rnnibust!(»n  is  com- 
plete, the  magnetiilc  layer  is  once  more  heated  and  xixe  nitrogen 

*Th«  tapper  <nid4<  tnuflt  ho  previounty  limited,  aa  described  on  p.  417. 
t  U.  Hctuff.  Berichlc,  XIII.  p.  885. 


Pio.  76. 


the  tubing  closed  by  tncanfl  of  a  pineh-enrlt.  The  apparatus  is  thrn 
set  aside  for  at  least  thirty  minutoa  at  a  place  where  a  uniform 
temperature  prevailB,  after  which  the  gas  Icvelling-tube  is  raised 
until  the  sohitinn  in  it  stands  at  exactly  the  same  height  as  that 
in  the  tube,  when  the  vohime  is  read.  At  the  same  time  the 
barometer  and  thermometer  *  readings  are  noted. 

The  weight  of  the  nitrogen  present  is  computed  as  follows: 
l*t  us  assume  that  a  gma.  of  the  substance  were  used  for  the 

*  An  Mouratv  tfivnoomelffr  eliould  bang  at  the  8i<l«  of  the  azotomoter. 
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anafysis  and  V  c.c.  of  nitrogen  were  obtained  at  t"  C.  an«l  B  mm. 
barometric  pressure.  In  order  to  obtain  the  weight  of  l\\c  nitrogen, 
its  volume  must  be  first  reduced  to  0^  C.  and  760  mm.  pressure. 
If  the  gaa  had  been  measured  over  pure  water  the  formula 


Vo- 


ViBo-w)-27Z 
760  (273  +  0 


would  hold  in  which  Bo  represents  the  observed  barometer 
reading  reduced  to  a  temperature  of  0°  aud  w  la  the  tension  of  water 
vapor  measured  in  millimeters  of  mercury.  The  lutrogen,  how- 
ever, was  not  meaaurod  over  pure  water  but  over  a  solution  of 
potassium  hydroxide,  and  the  vapor  tension  uf  this  solution  is 
less  than  that  of  pure  water.  In  fact,  with  potassium  hydroxide 
of  the  concentration  used,  the  diminution  of  the  vapor  tension  as 
compared  with  pure  water  almost  exactly  coiupendates  tlio 
correction  which  would  be  applied  In  reducing  the  barometer 
reading  to  0°.  Consequently  the  following  formula  holds  with 
auffiaent  accuracy: 

""  7ft0  (273+0* 

As  1  c.c.  of  nitrogen  at  0"  and  760  mm.  has  been  found  to  weigh 
0.0012506  gm.,*  then  Vo  c.c.  of  nitrogen  will  weigh 


aod  in  per  cent., 


0.0012506  XFogma. 

a-0.0OI25O6- To- I00:x 
0.12506- Kq 


*  Cf.  Nitros«Q  usder  Gm  An&l/m. 
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If  the  value  for  Ko  ia  inserted  in  Lhis  laat  equation,  and  the 
constant  valutas  are  united,  it  bccotues 


1=0.04493 


V{D-w) 


C273+0O 


■  per  cent.  IT. 


P 


Qi)    Deta-miiintitm  of  Nitrr/gcn  in  an  Open  Tuiie. 

The  determination  is  carried  out  in  practically  the  same  way 
as  before,  except  that  in  this  cose  the  carbon  dioxide  is  gcneraleil 
outside  of  the  tube.  If  the  combustion -tube  uf  lig.  76  is  imag- 
ined to  be  cut  ofT  at  M  and  connected  by  means  of  the  tuo-butbed 
tube  with  a  long  test-tube,  as  shown  in  the  upper  part  of  tiie  fig- 
ure, the  apparatus  necessary  for  this  detemiinatii)n  will  be  seen. 

The  long  test-tube  contaiuB  sodiuui  bicarbtinate,  and  it  is  cov- 
ered with  a  piece  of  copper  gauie  iu  urder  tliat  it  may  be  heated 
more  unifunnly. 

At  S  is  a  long  copper  oxide  spiral,  this  is  followed  by  a  copper 
boat  containing  the  substance  ini.ve(.l  with  powdered  copper  oxide, 
then  the  long  layer  of  coarse  copper  oxide,  ami  finally  the  reduced 
copper  spiral.  After  the  connection  with  the  azcilometpr  has  been 
made,  the  tube  containing  tlie  sodiinn  liiearlHjnate  is  heated  and 
the  air  removed  from  the  combiiation-tube  by  means  of  tJie  carbon 
dioxide  evolvevi.  The  greater  part  of  the  water  that  is  simul- 
taneously set  free  collects  in  the  two-bulbed  tube.  Otherwise 
the  procedure  is  exactly  the  same  as  in  the  fonner  case. 

Remark. — The  advantage  of  tliis  method  over  the  fonner  lies 
in  the  fact  that  the  combustion -tube  can  be  used  for  a  large  num» 
ber  of  nitrogen  delenninations  without  refilling  it  eafh  time. 

Wth  dilTicultly-Oombustible  substances  the  author  prefers  to 
work  with  the  closed  tube,  for  in  tliis  way  it  is  possible  to  get 
a  very  intimate  mixture  of  the  substance  with  the  powdered 
copper  oxide. 


The  nftutml  solution  of  Ail  ulltiitl  u«iilntti  In  Mdii^m)  «'I 
drops  of  acetic  avUl,  liojttrd  hi  1iii||1m|i,  mul  |i(t'iit|i||i(lii*|  tt(|l 
ing  CAlcium  rKIoriile  schiliini,      Alln  rUinllrtg  (^i>lu>  lihli 
precipitate  is  Bltcrcd  off,  wnNlirxl   wlMi  litri  wnlH',  l«(ilt«tf 
a  pUtiniim  rniribto,  Aii<t  frnrri  Mii>  wi>lulp|  itf  Um  nitU<liim  mi 
amount  of  oxalic  a^'iil  in  ctt\ruh,li»\  mm  lniUntm 
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Boric  Acid,  Hno,.*    Mol.  Wi.  44.01. 

Determination  as  Boron  Trioiide,  B,Oj,  by  the  Method  of 

Rosen  bUdt-Gooch.f 

Principic. — Alkali  ami  alkalinoearlli  borates,  on  heirg  di»- 
tilled  with  absolute  methyl  aletiliol  (free  from  arptone)  ami  acetio 
&chI,  give  up  all  their  boron  in  the  form  of  methyl  borate,  a  liquid 
wliifih  boils  at  65°  C.  If  the  methyl  borate  is  passed  over  a 
weighwl  amount  of  lime  in  the  presenro  vf  water,  it  is  completely 
BBponifiod : 

B(0CH5),+  3H,0=3CH/)H+  B(OH)^ 

The  Imrift  arid  wet  free  combines  witti  the  liino  t-o  form  calchun 
borate.  If  ihi-  pjisie  of  WRtir  and  lime  is  evaporated  to  dryness, 
the  gain  in  weight,  thenrfnre,  represents  the  amount  of  B,0,. 

Procaiurc— About  1  gm,  of  the  purest  lime  J  olrtainable  ia  ig- 
nited to  a  constant  weight  over  the  hIaMt-lump,  ami  iw  much  of  it  as 
poasible  is  trnnaferrcd  to  the  dry  Erlcnmcyer  flask  (Fig.  77)  which 
serves  as  a  receiver.  The  crucible,  with  some  of  the  lime  adiiering 
to  it,  is  placed  in  a  desiccator  and  set  aside  for  the  present. 

The  lime  in  the  flask  is  slaked  by  the  careful  addition  of  about 
10  c.c.  of  water,  and  the  flask  is  connected  vnih  the  distillation- 
flask  as  shown  in  the  figure.  § 

The  aqueous  solution  of  the  alkali  borate  (containing  not  more 
than  U.2  gm.  B,0,)  is  treal<yJ  i.vith  a  few  drxips  of  either  litmus  or 
lakmoid  solution,  and  hydrochloric  acid  is  added  drop  by  drop 
until  the  solution  turns  red.  A  drop  of  dilute  sodhim  hydroxide 
is  added  and  then  a  icv  drops  of  acetic  acid. II    The  slightly  acid 

•  This  is  tht'  formula  of  nnHa-I>oric  »ctd. 

t  Zeil.  t.  anal,  fhem.,  27  (ISS7.  pp.  18.  3<H). 

t  Instcuil  of  liinc,  Goocb  nnil  Joan  uw  1  to  7  gms.  of  Bodium  tungstate 
vhi«li  is  UuxhI  with  alK>ut  0.5  Km.  WO,  in  a  platinum  cnicit}lc  to  expel  uiy 
carbonic  acid,    Tbo  fused  mass  ifl  cooled  nnd  weiRbcd. 

§Tu]M'nuit  tliG  meapcot  ail  froiu  the  ila^k,  a  cut  is  made  io  Lite  mdeof  tho 
CCik.  stoppvr,  at  It. 

II  li  is  abHolutcLy  necessary  to  neulralizc  ihe  KTeater  port  ot  tho  alkali 
with  h>*drorhluric  acid  iu»I  then  tliu  lort  of  it  with  acetic  acid,     If  il 
were  all  nputraliicd  nith  acetic  acid,  little  nr  none  of  cha  boric  acid 
paas  over  into  the  receiver  during  the  »u)>acqucnt  di«tillfttioQ  with  alcohol. 


10  alkali  j 

i  would  I 

liol.  J 
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Bolution,  prepared  in  this  way,  is  added  by  means  of  the  funnel  T  to 
the  pipette-sliaped  retort,  It,  of  about  200  c.c.  capacity.  The  funnel 
is  washed  three  time»  by  the  addition  of  2  ur  3  cubic  centimeter.^ 
of  water  and  the  stop-cock  is  closed.  The  liquid  is  distilloii 
by  placing  ii  in  a  paraffin  bath  at  not  over  140°  C,  and  iho 
distillate  collected  iti  the  Erlenmeyer  flaak  containing  the  line 
When  all  of  the  hquid  has  distilled  over,  the  paraffin  bath  is  lowered, 
and  after  R  has  tooled  somewhat,  10  c.c.  of  metliyl  alcohol  (frco 
from  acetone)  are  added  through  the  funnel  and  the  contents 
of  R  are  again  distilled  off.    This  process  is  repeated  tiiree  times. 


Fto.  77. 

Then  2-3  c.c.  of  water  arc  added  to  the  retort,  nfeo  a  few  drops 
of  acetic  acid  until  the  liijuid  becomes  distinctly  red  again,* 
and  the  distillation  with    10  C.r.  of  lueihyl  altuiiul   is  ropeiuod 

*  By  tlie  nrpealcd  liinciUation,  the  contenta  of  the  retort  become  alkaline, 
u  ahoira  by  the  blue  color  of  the  itululion. 
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tlirco  times  more.  At  the  end  of  tliia  time  all  tif  tliu  Imric  acid 
will  be  foiuiil  in  the  receiver.*  Tlie  Btop|i(!roU  flattk  is  thoroughly 
sh&kcn  and  allowed  to  stand  for  au  hour  or  two  in  order  to  make 
sure  that  all  of  the  methyl  borate  is  sapomiied.  The  contents 
of  the  receiver  are  then  poured  into  a  platinum  dish  of  about 
200  e.c.  capacity  and  evaporatetl  on  the  water-bath  to  drj'ness  at 
as  low  a  temperature  as  possible.  During  this  process  the  alcohol 
DQUgt  not  be  allowed  to  boil  umier  any  circumstances.  Then, 
in  order  to  remove  the  small  amount  of  Uiiie  that  remained  adher- 
ing to  the  sides  of  the  flask,  a  few  drops  of  i.Uiute  nitric  acid  are 
added  to  the  receiver,  and,  by  carefully  incUniug  the  (la*!k,  its  entire 
inner  surface  is  wet  by  the  acid,  after  wliich  the  contents  are  washed 
into  the  platinum  dish  and  evaporated  t^>  dryness  again.  This 
time  the  water  in  the  bath  may  boil,  as  there  is  now  no  danger  of 
losing  the  U>rio  acid,  the  alcohnl  being  al)  removed  by  the  first 
evaporation.  The  residue  in  the  di.sh  U  tlien  gently  ignited  over 
a  small  flame  in  onler  to  destroy  the  calcium  acetate  f  present; 
it  is  allowed  to  cool  and  is  trausfrrrwl  by  means  of  a  little  water 
to  the  crucible  in  which  it  wa^  originally  weighed.  The  ilark-colored 
Ume  and  carbon  remaining  oq  the  sidca  of  the  dish  arc  iliMolved 
in  a  little  lutric  or  acetic  acid  and  washed  into  the  crucible. 
The  contents  of  the  latter  are  evaporated  to  dryness  on  the  water- 
bath,  and,  with  the  cover  upon  it,  the  crucible  is  ignited  at  first 
gently  and  finally  more  strongly  until  a  constant  weight  is  obtained. 
The  increase  in  weight  reprenents  the  amount  of  li^O,. 

Remark. — This  method  affords  faultless  results,  even  in  the 
presence  of  considerable  amounts  of  other  salta.  Free  halogen 
hydride  or  sulphuric  acid  must  not  be  present,  for  these  acids 
form  compound  ethers  with  the  methyl  alcohol  and  distil  over 
with  the  boric  acid,  ivith  which  they  woidd  bo  weighed.  Instead 
of  using  Jime  in  the  receiver,  the  methyl  borate  can  be  dwtiUed 
into  a  dilute  solution  of  ammonium  carbonate,  and  the  latter 
evaporate<l  with  slaked  lime  in  a  platinum  dish  immei.Uately  after 
the  distiUatiuii.     The  author,  however,  prrfors  the  alxtve  method. 

■  W'hpii  ihc  dbitillution  is  owr,  ttie  retort  should  be  ruaiuvvd  from  tbe 
pftralUn  bath,  hy  lowering  the  latter.  If  lldfi  is  not  douo,  tlic  retort  is  Ukcly 
to  brwik  wheu  the  parnHin  t»oliilitirs. 

t  Dim  to  the  «xc««  of  tbe  ucetic  acid  addod. 


If  one  p«B8CB8C3  a  hirgo  plalinum  cruciblf  (with  a  eaparity  of 
from  80  tn  lOO  cc),  tliL-  first  ovuijomUon  can  lake  place  iu  this 
nnd  it  \a  tben  iiilvisflblu  to  place  thn  crucililo  within  a  ring-shaped 
copper  or  tin  lub^  throujijh  which  steam  pa.sse«  (Fig.  17,  paj^  32). 
In  this  way  the  PJilcium  acptato  does  not  cnvp  vp  over  the  sides 
of  the  dirth,  and  there  Is  no  doiigt^r  of  any  bumping. 

Determination  of  Boric  Acid  in  Silicates,  Enamel,  etc. 

The  finely-jiowilfrci]  substance  i«  fu»e<l  with  four  times  as 
much  8odiuni  r-arhonato,  the  melt  is  extracted  with  water,  an<l 
the  aqueouH  Rolution  cont'iining  the  borir  acid*  is  evajniratod 
to  a  small  vulunm,  aciditied  with  acetic  acid,  and,  without  re-rard 
to  any  separation  of  silira,  the  aohrtion  is  transferred  t<)  ihc  Gooch 
rcton  and  analyzed  as  above  directetl. 

Remark. —This  determination  can  be  performed  in  the  pnaenco 
of  fluorine  provided  acetic  and  not  nitric  acid  is  used  to  set  free 
the  boric  acid;  but,  for  that  matter,  it  is  in  no  case  advisable 
to  use  nithu  acid  and  it  in  not  pcnui«tible  when  chlorides  are 
present 

Determination  of  Boric  Acid  in  Mineral  Waters. 

If  the  water  contains  consiflernble  boric  acid  (0.1  gm.  or  more 
of  B|Oj  in  a  liter),  o  weighed  amount  (from  200  to  300  c.c.)  is  evap- 
orated to  a  small  volume.!  tlie  precipitated  calcium  anfl  ma^irsinm 
carbonates  are  filtered  off,  the  filtrate  concentrated,  slightly  acidi- 
fic«l  with  acetic  acid,  and  analyzed  as  described  on  page  42S. 

If  the  water  contains  imly  a  little  bnric  acid,  as  u  true  Jti  the 
great  majority  of  cases,  a  largo  amount  must  be  taken  for  the 
dctcrminntioD.  From  10  to  15  litere  arc  evaporated  in  a  lai^^ 
poreelain  dish  to  about  1  litcfj*  the  depof^itwl  snlU  arc  filtered 
off  (these  never  contain  any  borate),  washed  thoroughly  with 
hot  wfltcT,  and  the  filtrate  and  washings  are  evaporated  on  th« 
w»t«r-bath  until  a  moist  residue  is  obtained.    If  this  residue  does 

*8um«timce>  tbc  iiuolubJu  rwiduo  vouiuiiui  u|)pr(.'cLiibli*  amounle  or  Ijuric 
ui(],  Iq  the  method  iciven  under  Vuliimtttric  Analysis,  tliid  (set  will  Imi 
tftken  if.to  ronni deration. 

I  ir  Ibe  wutcr  reacts  alloiFiae,  it  ia  at  once  evaporatod;  otherwise  enough 
•odium  corbuuaUi  itolutlou  it  oddixl  lu  ujoku  H  so. 
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not  amount  to  more  than  5  or  6  Rina.  it  m  redissolvocl,  acLdified 
with  acetic  acid,  transferred  to  the  Gooch  retoi-t.,  and  ili-tlilli'd  aa 
described  on  page  42S.  Usually  a  larger  residue  is  obtained,  such 
that  it  cannot  be  conveniently  analyzed  directly,  in  which  case  the 
boric  acid  is  extracted  from  it.  For  this  purpose  the  residue  ia 
acidified  with  »  little  hy<lrochloric  acid,  thoroughly  stirretl  with 
abso'ute  alcohol,  and  by  means  of  more  of  the  latter  it  is  traiia- 
fernxl  tu  a  flask,  curked  up,  and  allowed  to  stand  twelve  hours  with 
frequent  shaking.  The  boric  acirl  will  thi'-n  be  fonn<!  in  the  alco- 
holic Bolution.  The  residue  is  filtered  off,  wa.<)hed  with  96  per  cent, 
alcohol,  diluted  largely  with  water,  1  gm.  of  aodium  hydroxide  is 
added,  the  alcohol  di.stillcd  off  {apc  Remark),  and  the  liquid  evap- 
orated until  a  moist  residue  is  obtained.  This  \z  again  acidified 
with  hydrochloric  acid  and  the  above  extraction  with  alcohol,  and 
9ul>scquent  distillation  of  the  alcohol,  after  the  addition  of  water 
and  I  gm.  of  sodium  hydroxide,  is  repeated.  If  the  residue  now  ob- 
tained ia  not  too  large,  it  is  gently  ignited  in  order  t«  destroy  the  or^ 
ganic  matter;  afterextractinjjwith  water,  the  carbonaceous  residue 
filtered  off,  and  the  filtrat*  is  acidified  with  hydrochloric  acid.  It  k 
then  made  slightly  alkaline  iftith  sodium  hydroxide,  after  which  juat 
enough  acetic  acid  is  a<lded  to  make  the  solution  react  acid  again. 
The  solution  thus  prepartnl  is  analyzed  as  describeti  on  page  428. 

Remark. — Unless  a  large  amoimt  of  water  and  the  Bodium 
hydroxide  are  added,  some  of  the  boric  acid  will  be  volatilized 
with  the  alcohol.  It  is  always  best  to  teat  the  akohoUc  distillate 
for  boric  acid  as  follows:  A  few  pieces  of  turmeric  root  are  extracted 
with  alcohol,  2-3  drops  of  the  yellow  solution  are  place<i  in  a  porce- 
lain dish,  the  alcoholic  solution  to  be  tested  for  boric  acid  and  a  few- 
drops  of  acetic  acid  are  added,  after  which  the  sohition  is  diluted 
with  water  and  evaporated  to  dryness  on  the  water-bath.  Accord- 
ing to  F.  Ilenz,  if  a.-?  much  as  ■^r.Ti  mgm.  of  boric  acid  is  pr«srait, 
a  faint  but  distinct  coloration  will  be  evident,  while  the  preaenco 
of  1  Iff  mgrn.  will  cause  a  strong  reddish-brown  coloration,  wliich 
en  beinj,  treated  with  sodium  hydroxide  is  turned  to  the  cliarac- 
terislic  blue-black  color. 

If  boric  acid  is  found  in  the  alcoholic  distillate,  it  mu.st  be 
again  treated  with  water  and  soditun  hydroxide,  and  the  alcohol 
once  more  distilled  off. 


Tartaric  acid,  Il,(\ll.(>,,    Mi.)  Wv  mm 

The  compuHition  of  frco  UrtHrin  iwU\  M  Wfil  M  M' 
tcBtcB  k  tietemunel  by  an  ulMiiniiUry  Aimli'BU, arii  f<'ier  ri  i;.'  i.^ 

meta-  ajtd  PnionfofnM»«  A/^^w- 


-  -^ 


4i4        CRA^^IMETRtC  DETER\(lNAT!Q?i  OF  THE  MEfALLOlOS* 


GROUP  IV. 

PHOSnrORIC.  AnSRNIC.  AIISENIOUS.  TIITOStTT.l'HUIUC, 
CHKOMIC,  VANAUIC,  ANU  PKKIODIC  ACIDS. 

PHOSPHORIC  ACID.  ll^VO^.     Mt)].  Wt.  9S.06. 

FoniLs :  Magnesium  Pyrophosphate,  Mg,P]0, ;  Ammoniuni 
Phosphomolybdatc,  (NH.jjPO.iiMoOj,;  Phosphomolybdic 
Anhydride,  PJO5-34M0OJ. 

I.  Determioation   as   Magnesium   Pyrophosphate,   according   to 

B.  Scbmitz. 

Until  recently,  It  was  ihc  iLtual  practice  to  precipitate  phos- 
phoric acid  in  the  cold  with  "  magnesia  mixture  "  and  ammonia, 
but  according  to  the  experiments  of  Xeubauer  *  and  of  Goooh  ♦ 
it  is  evident  that  it  is  verj'  difficult  to  obtain  a  pure  precipitate  of 
magnesium  ammonium  phosphate  in  thi.^  way ;  sometimes  It  is  eon- 
laminatcd  with  Mg3(P04)2  and  sometimes  with  Mg(Xll4)4(PO<)2- 
If,  however,  the  precipitation  takes  place  in  a  hot  solution,  as 
recommended  by  Schmitz.J  Jarvinen,§  and  J6rgengcn,I|  n  very 
pure,  coarHeiy  crystalline  precipitate  cf  Mg(X}l4)l*O4*GH20  is 
obtained. 

Procedure. — The  solution  of  alkaH  phosphate  is  treated  with 
a  little  hydrochloric  acid,  a  considerable  cxcwss  of  "  niugnesia 
mixture,"  Ti  and  ll>-20  c.c,  of  a  saturated  solution  of  ammonium 
chloride.  After  heating  the  mixture  to  boUbg,  some  2.5  per  cent. 
ammonia  is  added  very  slowly,  while  constantly  stirring,  until  a 
precipitate  begins  to  form,  and  then  the  addition  of  the  ammonia 
is  rcgiilatcd  so  that  about  four  drops  arc  added  in  a  minute.  If 
a  milky  turbidity  appenra,  it  must  be  rcdissolved  in  hydrochloric 

*K.  Ncubftupr,  Z.  angftw.  rhcm,.  ISM,  430. 

t  ¥.  A.  C.ooch,  Z.  anorg.  LVm..  20,  Uh. 

X  B.  SclimiU.  Z.  aniil.  t'h.-m,.  45,  512  (lEIOB). 

%  K.  K.  Jdrvinen,  Z.  unnl.  Chwn..  4.1,  279  (ilW4),  44,  333  (1905). 

II  C.  JOrKtiUsen,  Z.  anal.  Cbem.  15,  278  {Hm). 

^  The  "tnagiicfla  mixturo"  ii^  prvpiinxl.  itccurdioic  to  Scliitulz,  by  diwulv- 
ing  55  gmfl.  of  cryDtAlliscd  TuagncHium  «blondc  and  105  gnu.  of  ammoniuni 
clUorido  in  wnlcr  adding  a  titltc  bydrootiloric  acid  and  diluting  Lo  a  volume 
of  on«  Ut«r. 


after  lilonig  sny  tke 
it  tWn  ■Igiiil  toeool, 
of  ooocentnted  ■imrnia  is  aAbdl  wmd  at  tbr  cmA  «€ 
it  M  K*dr  to  iher.    Jht 
far  ihMMHIiMi  with  2^  per 
tnufond  to  B  filer  ad  vaAftd  Cne  &«■  <Uanle.  Itk^M^ 
ipited  ■ad  ■i^liiil  m  ihiifliiH  on  p.  <7-&    It  i»  bwl  W 
■Da  WM  <Mctnc  om. 
If  the  wo^  of  thg  parritwtitr  m  y  paaL.  ikm  ihr  ■■mit  -rf 
P0«  Ap  eaa  be  cowpwtwl  accnrdiDg  to  tbe  povpoctna. 
M£,P^:2PO.=;»:« 
2P0« 

i^lfcr/l 


If  it  tt  ileHnd  to  ificinlre  tlw  iffuitd  pneapit*t«  and  to 
dpitate  the  |i*i«iT*nrir  acid,  t&e  eniciUe  together  with  Hs 
k  plaeed  in  a  beaker,  rmrm^  water  is  added  to  eorer  tbe  ctudbfe. 
■Dd  tfaea  an  excev  of  coat  em  rated  bjrdnKUonc  add.  Tbe  Ualrci 
b  corend  sith  a  vaub-giiB  and  hs  eootenti  are  heated  on  the 

mtcs^^iath.  tbe  Bqad  in  the  beaker  bemg  nrrMJ By  nUted. 

WbcB  the  ptedpHate  Ihb  rfMwnlrwl,  the  heating  ia  eoatipuad  tat 
three  or  fbor  booB  ki^Er  in  order  to  make  aire  that  the  prro 
phcMpbooe  add  is  wipirtriy  riwaerrf  lo  orthopfaoipKane  acU. 
Xhit  change  iaahrajaeoaqilete  at  the  end  of  tloBtaDe  'd  themdi^t 
flf  the  tDBgpaium  pymphoiphate  waa  Dot  fircr  02  gm.  Tbe  time 
UBttmaty  ia  HTert  thii  <riiwforwMlipii  m  ptvpuniamal  to  the 
amaant  of  nitric  add  oaed. 

Afur  the  fiqmd  has  b«a  sofideotfy  heated,  the  cnidbfe  ai^ 
■ta  eoTtr  an  removed,  washed  off,  fmm  2  to  5  e^.  of  ou^Hn 
mixtaBe  are  added,  and  tbe  aohrtJon  jatwmeri^  m  desoAed  abov^ 
witfa  2^  per  cent,  ammonis,  etc 

The  method  described  on  pas?  4Z4  tar  tbe  pre^ntatiosi  of 
phosphoric  add  is  not  applicable  when  the  aubstaiwe  oontaiiH 
al^**^—  earths  or  beaT>-  metvia.    la  such  caaes  the  rhfuphodn 
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Mid  should  be  precipitated  first  as  ammonium  phosphoraolybtiate 
and  the  phoBpliyric  acid  ia  tliis  precipitate  deteraiinod  by  one  of 
the  following  methods. 

I.  Determtnatioa  of  Phosphoric  Acid  as  MagoesLum  Pjrro- 
phosphate  after  Previous  Precipitation  as  Ammonium 
Phosphom  oly  bdate. 

This  method,  first  proposed  by  Soniienschein,  has  experienced, 
in  the  course  of  time,  a  great  many  modifications,  and  ol  these,  that 
of  Woy  •  will  be  des-chbed,  fur  ii  U  one  of  the  quickest  aud  most 
Kcurate.  It  may  be  mentioned  that  the  molybdato  method  a 
alwaj'S  applicable  when  the  phosphoric  acid  ]s  present  aa  orthf>- 
phosphate,  irrespective  of  what  metals  are  jii  solution. 

Principle.- — If  a  solution  cnntaining  phosphoric  acid,  in  the  pres- 
ence of  ammonium  nitrate  and  sufficient  nitric  acid,  is  treated  with 
a  slight  excess  of  ammonium  molybilate  and  heated  just  to  the 
boiling-point,  all  of  the  phosphoric  acid  isimmadiately  precipitated 
aa  yellow  ammonium  phosphomolybclate.  Acoonling  to  Hunde- 
shagen,  the  precipitate  poBscsses  the  fnllnwing  composition: 

CNHJ,PO,-12MoO,.2HXO,-H,0. 

and  always  contain»j  whcnsuflieicnt  molybdic  acid  is  present  24 
mols.  of  MoOj  to  1  mol.  P,(\.  It  never  contains  more  niolylxlift  acid 
tlian  corresponds  to  the  above  fommla,  but  is  always  some  what 
contaminatctl  nith  small  amounts  of  the  bases  in  soluUon,  even 
when  only  alkalies  are  present.  If,  however,  after  decanting  off 
the  supernatant  liijuid,  the  precipitate  is  dissolved  in  ammonia,  a 
litllo  more  ammonium  iiiolybdate  ai  Ided.  and  the  boiling  solution  re 
precipitated  by  the  addition  of  nitric  acid,  it  is  then  obtainal  pure. 
It  must  also  be  nM&[  that  the  solution  may  contain  neither 
Bllicic  acid  nor  organic  substances  t   ao'i  only  a  small  amount  of 

•rhcm   7Mt.,  21,  p-  412. 

t  According  U>  (lundiwliapTi,  (Zeit.  f.  anal.  Chein,,  28,  p.  IlW)  ami  Ei{gerl« 
(Jour.  f.  pralc.Clirni,,T9,p.  49(1)  tlic  i^mw-tice  of  UirUaric  amt  oxalic  nndi  tiitw 
dera  tlic  fummlion  of  the  yellow  precipitate,  and  in  some  ca"es  prevents 
it  entirely.  According  to  Hans  v.  Jiiptiicr  (Of»UTr.  Zi-it.  fiir  Berg-  u. 
IfilttvnTT.,  ISR1,  p.  -ITI)  Lliifl  is  not  ihc  cacc;  he  even  rcoonuneods  that 
tartaric  arid  be  addeil  for  thn  cletprmi nation  of  phnaphunw  in  Irou,  on  tlje 
Ki-oiimi  that  it  prevents  the  prorLpitate  being  conlamiiialcd  with  tDolvbdic 
acid  aod  ferric  oude. 
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chloride  (best  none  at  all),  biit  thene  must  b«  ci^iu^iJerahlA  frpfl 
nitric  acid  present;  1  gm.  of  P,Oj  TXHiiiirwi  ll.rt  unw.  of  IINOn 
but  US,  much  as  M.-'i  gm.  of  tlio  Intlor  aciil  iUmt*  no  )mnii  •  IIia 
precipitate  Kill  dissolve  somewhat  if  moro  nitritt  ai'dl  (linn  tlm 
above  quantity  is  used,  but  the  edilHion  of  anmmnhiin  iiiulyb* 
dat«  decreases  the  snlubitity  of  tlie  prcH'ipttato  in  nltrt*^  AfM ;  t  it»i> 
of  ammonium  molybdate  makes  55.7  ginii.  of  nllric  aoiil  hiiiit'livB, 
The  presence  of  ammonium  nitrate  not  only  faoilitatra  tlio  f<>miii> 
tlon  of  the  p^(^cipitate,  but  tta  pmuHiOO  la  abflohitely  iiPcnMary* 
although  about  5  per  cent,  ui  sufficient. 


Stiuiiona  H^iirfxl. 

X.  A  3  per  cent,  solution  of  ammonium  molylylnlfl  nJrtninwf 
by  the  solution  of  120  f;ms.  commen-inl  nrttiiKitiiuiii  \iui\y\iiiK\t^, 
(NHi)cMo;Oi4+4H30,  in  4  liU-m  of  wnU^r  (I  r.r.  of  Ihiit  miUtttutt 
will  precipitate  O.OOI  Rm.  PaOi). 

2.  A  solution  of  ammonium  nitrat«,  obtoinwl  iry  t)imrAvinn 
340  gms.  of  ammonium  nitrate  in  1  YiUt  of  wat/T. 

o-  Nitric  add,  sp.  gr.  1.15.1  fcrmtaining  2S  pnt  emi. 
HNOs). 

4.  Aa  warii  liquid,  200  Knw.  ttawnoniuiB  tHnie  arfl  1A0  tht. 
ot  nitric  add  ifinotved  in  4  liten  of  wnttrr. 

PrnnrfBrii      In  afl  aao  SO  ex.  of  th«  aolation  am  talent,  wn- 
:  a4  titt  aaaat  Oil  fpo.  PxOc     If  the  mAMi^t  ennfMifm  rnttm 
of  phmpfaorie  arirf,  an  aliquot  part  m  dmmI  fef 


of  tbR  aeucral  or  riigbUy  aeid  (TflVf^M  jnMirtff 
bather  aarl  u>  praripicaf^  0.1   xm 

am  aUid  Md  Ae  nfalao*  k  kaaCrd  until  inhkAm  Mufa  l»  Ai9. 
AlAe  mmm  tfow  Aewyiiw*  ainnnniof  MnmnAinni  mnlyKdat^ 


<•  riM  tWMoto  4m|^  VM  tfwi* 
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solution  (in  tins  case  120  c.c.*)  is  likewise  heated  until  it  bc^na 
to  boil,  ami  then  transferretl  to  a  separatory  funnel  and  allowed 
to  run  in  a  thin  stream  into  the  mitUlIo  of  the  phosphate 
solution,  which  is  roiatuil  whilo  the  molybdato  solution  is  being 
added.  The  yellow  ammonium  phosphomolybdato  is  at  once 
thrown  down  and  the  separation  is  quantitative.  The  contenta 
of  the  beaker  are  kept  in  motion  for  about  one  minute  more  and 
then  allowed  to  stand  for  fifteen  minutes,  when  tlie  dear  liquid 
is  poured  through  a  filter,  the  jsrecipitale  is  washett  once  by  decanta- 
tiou  with  oO  c.c.  of  the  wash  Uquid  and  \\\en  dissolved  iu  10  c.o. 
of  S  per  cent,  ammuuia.  To  tliis  solution  20  c.c.  of  the  aiiunoniuna 
nitrate  solution,  30  c.c.  of  weter,  and  1  c.c.  of  ammonium  molybdato 
are  added.  It  ii  heateii,  as  before,  until  bubbles  bc^yn  to  rise, 
when  the  phosphoric  acid  is  reprecipitated  by  the  addition  of  20  c.c. 
of  hot  nitric  acid,  addetl  drop  by  drop  through  the  same  funnel 
that  was  used  for  the  molyb<late  solution,  the  solution  being  rotated 
as  before.  The  precipitate  is  immeiHately  formed  and  is  now 
pure.  After  stamling  ten  minutes  it  is  filtered  off  and  dissolved 
in  warm  21  per  cent,  ammonia,  after  whirh  hydrochloric  acid  is 
added  until  the  yellow  precipitate  produced  dissolves  only  alowly 
on  being  mixed  with  the  (n>tution.  \ow,  according  to  Schmitr.t 
an  excess  of  an  acid  »ohition  of  "  magnesia  mixture  "  is  added, 
and  the  solution  heated  to  boilin;;.  A  few  drops  of  phenol- 
phthaleiii  are  added,  and  .in  approximately  2..")  per  cent,  ammonia 
solution  introduced  as  tiuirkly  as  possible  from  a  burette,  while 
stirring  the  solution,  until  the  liquid  becomes  slightly  red  in  color. 
It  is  allowed  to  cool  and  then  one-fifth  of  its  volume  of  concen- 
trated ammonia  is  added.  After  ten  minutes,  the  precipitate 
of  magnesium  ammonium  phosphate  is  ready  to  filter. 


•\lIQtI!fTa   OF  liEAor.^rrs  KEqmitED. 

Ainoiinl  bf  PtOi  Ammnniiirn  Amraonium  Nifria 

l>nyMiil  in  iJmina.  Mulyliilste.  Niimlo.  Arid. 

0.1  120  c.e  SOr.c  19  c.a 

0.01  15  ■'  20  "  JO   ** 

O.O06  16  "  80  "  JO  ■ 

OO03  30 «  3fi  •<  *  « 

C  001  10  "  la  «  «  * 


\Loe.eU. 
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2.  Direct   DetertQinatlon    of    Phoiphorlo    Add    m    Ammanlum 
PhosphomolybdaU  il'liititnpr).* 

The  precipitato  producnl  m  <|iMirilHMt   UlMl«r   I,  li«>tli|  lU$ 
fbllowing  cumpcuition, 

(NH0,PO..I2MoO,.3UMO,.||/), 

k  Uaiufonned  by  heating  for  ■  Infix  time  at  IM-tbf^  0.  IMa  ^Pn 
•nanonhim  {rfiiaphomolybdAlo  of  lImi  i^,<i,^0M\im 

\  ftltfll^totf  dlHn^  A  IjUUX.    jjij^ibI*'    ,kh^^^ 

'  «o  '(u'fLar  Uuirs  «akiatkjB 
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molybdate  an<!  filtering  aftpr  standiiiB  twenty-four  hours.  It  is, 
however,  not  neccswury,  ns  Hiin<losha^cn  haa  shown,  to  work  w-ith 
such  ft  concentrated  solution  of  ammonium  molybdate;  the  pre- 
cipitation from  a  hot  sohitJon  with  a  3  per  cent,  molybdate  solu- 
tion jnelds  just  as  accurate  results  and  the  solution  docg  not  have 
to  stand  so  long  before  fdtering.  Even  when  iron  is  present  this 
method  ppives  good  results,  so  that  it  is  to  be  recommended  for  the 
determination  of  phosphorus  in  imn  and  steel. 

3.  Determination  of  Phosphoric  Acid  as  Phosphomolybdic 

Anhydride  (Woy). 

The  precipitate,  producefl  in  thf  siime  way  as  before,  is  gently 
igniteti,  wherehy  a  greenish-black  residue  remains  of  the  com- 
position 24Mo03-PjOs,  with  Z.04G  per  cent,  of  PjO,.  The  pre- 
cipitate is  ignited  as  follows:  Tpnn  the  bottom  of  a  niclcel  cni- 
oible  Ib  placed  a  disk  of  ignited  asbestos  paper  about  2  mm.  thick| 
or  the  porcelain  plate  of  a  tiooch  cmcible  may  be  used.  Upon 
this  is  plartil  tlie  tlixMih  crucible  containing  the  preeipitiitc,  which 
is  covered  with  a  watch-glass  and  lieatei!  at  firet  gently  and  finally 
until  the  bottom  of  the  nickel  crucible  is  at  a  dull-reil  hent.  ^^Tien 
the  precipitate  has  become  of  a  homogeneous,  bluish-blnck  color, 
it  is  allowed  to  cool  in  a  desiccator,  after  which  the  covered  cru- 
cible is  weighed. 

This  method  is  rapid  and  ^ves  good  results  in  the  presence 
of  iron  and  aluminium.* 

Petermination  of  Phosphorus  and  Silicon  in  Iron  and  Steel. 

The  determination  of  these  two  elements  ia  often  effected  in 
the  same  sample,  and  in  all  cases  it  is  best  to  remove  the  silicic 
acid  before  precipitating  the  phosphoric  acid. 

Since  phosphorus  and  silicon  are  present  in  the  iron  as  phos- 
phide and  silicide,  a  too  dilute  nitric  acid  must  not  b(_>  used  for  dis- 
solving the  sample  or  there  will  bo  a  loss  of  volatile  phosphidee 
and  silicidcs. 

*Stcfriui  found,  in  the  tinaly:si8  of  50c.c  of  a  potAHMum  pltcMpha.tfi  solu- 
tion conloining  O.D'.i.sfl  gm  PjO,,  O.iBSS,  omvi,  O.OlWl  gm.  P»0,:  and  m 
«  Bolution  of  5  gms.  of  iron  in  the  rnrm  of  ita  nitrate.  U  (K)W  f^m  l',0,,  this 
method  gave  0.009'J  gm-  luid  Ihc  eamo  result  was  ubtuincd  by  ibc  coctbod  at 
riokeucr. 
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DrtiTmimalum  •</  tkf  SiNtVH, 

About  5  gnut.  oi  the  iron  bnrin^,  nfl  rr  ImviiiK  lirm  wtwlipit  xt\i\\ 
ether  (cf.  p.  23G,  foot-note) riin)  ptactpd  Itt  ■  fMHH^.i'.  I<ii«kiki'  U|)ilt«f  I 
good  hood,  covere*!  with  00  c.c.  of  nilrir  nv\y\  {\  vmI   , .  .    .  ■  i ,   ;.  ,1 

acid,  sp.  gr.  1.4,  and  1  vol,  of  wftlpr)   nnd  n  wiitt'l'     i  ■      |  

upon  tbo  beaker.  A  violrnt  t-rurtlon  nl.  miut  I(|]im  [iInp^  HHd 
brown  vapora  are  ovolvwl.  Ah  Hnim  hh  ihn  ni'linn  »liic|(f«IHt, 
the  beaker  is  ]>:fLCpd  updii  wtrn  (ii>iik<*  i>[|'I  IIo  ixmiIhiM 
boiled  graitly  until  all  the  iron  iit  <liiwuilvp(t  nnd  itii  Iwiv  UhtWH 
vapors  are  evolved.  Tlio  contenU  of  th*  Imikifr  mix  fhMi  wiMtlMl 
into  a  2.50-c.c.  porcelain  enweroki,  av»\tnnit>i\  Mti  thn  wnUfN 
bath  to  a  syrupy  consisteDcy,  an^l  tlmri  linitiwt  tttM  a  ttm  tUtuttt 
to  Aryntm,  caoatantty  HtlrrfnK  with  a  nhm  rtnl.  t'ntf»  m  inktU 
dnriog  tlua  opentifio  that  a  calcn  iff  liMtf  fMrU  iiHtnta  (f/fM  uni 
■dbere  to  tlie  hoUom  of  the  ttkh,  an  in  iirk  «m«  Urn  fn^f^  wlH 
■Ofcly  fai«ak  dnriiic  the  aufowri'i^t  \itn)thitt  'T}tf  thy  mut^ 
AooU  at  ibe  end  fae  mfacerl  i/,  a  k^iwt  ^^/w'W  WKm  i>i^  t^^tA 
I.  the  eonttBli  df  Ih*  rMl  MW  t|er<rf a^  ififfl  nil  /^ 

■  MV  ccpnMB.    K^'  tt^  p^ytMBUM  iff  f^ft0o' 


atfirrmc  ataoM  «»  th' 

tfdf  dw  ana  drtrfg  fa»  Jhpjll»J<» 


Stoir, 


^■ftwh  Mlfc;  I* 
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sulphuric  arad  is  removed  by  placing  the  crucible  on  a  triangle  in 
an  inclined  position  and  carefully  heating  by  means  of  a  moving 
flame.  As  soon  as  no  more  vapore  of  sulphuric  arid  are  given  off, 
the  contents  of  the  crucible  arc  more  strongly  ignited  and  the 
residue  of  ferric  oxide  is  weighed.  This  amount  deducted  from 
the  weight  of  impure  eilica  gives  the  amount  of  pure  silica,  p, 
from  which  the  amount  of  silicon,  x,  can  be  cakukted  a&  follows; 

BiO,:Si=p:r 

Si 

and  in  per  cent.,  where  a  is  the  amount  of  iron  taken  for  the  analysis 

^  —  -77.^,  ■■'^■■per  cent.  Si. 
SiO,    a     *^ 

RemaTk. — If  the  impure  silica  wa-s  grayish  coIoroiJ  (as  ia  always 
the  case  when  graphite  ia  present)  it  U  not  weiglieil,  but  a  little 
pure  sodium  carbonate  an<i  potassium  nitrate  arc  ailded  to  the 
contents  of  the  crucible  and,  by  Tusing,  the  graphite  is  completely 
oxidizeii.  The  melt  h  placed  in  a  small  porrclain  dish  and  dLwolved 
in  water.  The  solution  is  acidifiel  wifh  hydrochloric  acid,  evap- 
orated to  dryness  on  the  water-bath,  moistened  with  a  little  con- 
ccnlrat-ed  hydrochloric  acid,  diluted  with  water  and  filtered.  The 
rcsichial  silica  is  ignited  wet;  a  further  puriUcation  uf  the  ^ea 
is  unnecessary. 


Drown  Method  for  Determining  Silicon  in  Iron  and  Stcd. 

This  method  has  come  into  very  general  use,  and  is  much  more 
rapid  than  the  above  method,  though  quite  as  exact.  It  is 
recommended  by  the  American  Found rj-men's  Association  for  the 
analysis  of  east  iron  and  has  been  used  by  the  Bureau  of  Standards 
at  Waslilnglon,  D.  C,  for  analyzing  samples  of  steel. 

One  gram  of  borings  is  treated  in  a  platinum  or  porcelain  dish 
with  20  c.c.  of  nitric  acid,  sp.  gr.  1.2.    When  all  action  has  ceased 
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20  c.c.  of  50  per  c;'nt.  sulphurliC!  acid  arp  ndcled  and  the  solution 
evaporated  until  copioua  fumes  arc  evolved.  The  liquid  is  then 
cooled,  diluted  with  l.iO  r.c  of  wattT,  and  heated  until  all  the 
ferric  sulphate  has  dis-solvcd.  The  hot  solution  is  at  once  filtered, 
washed  with  dilute  hyilrochlorlc  arid,  sp.  fij.  1.1,  and  then  with 
hot  water.  The  residue  is  plarcd  in  a  platinum  crucible  without 
dr\'ing,  ignited  and  weighed.  The  contents  of  the  crucible  are 
then  treated  with  -1  or  5  c.c.  of  hydrofluoric  acid  and  a  few  drops  of 
sulphuric  aicd,  evaporated  to  <lr>'ness,  and  the  crucible  again 
ignited  and  weighed.  The  difference  in  the  two  weights  is  the 
silica. 

Dcicrminaiion  of  Phosphorus. 

In  the  hydroclitoric  acid  filtrate  from  the  silicon  determina- 
tion (p.  441)  all  the  pliosphorua  is  pri-sent  in  the  form  of  phosphoric 
acid.    The  latter  is  determined  atcording  to 

(fl)  The  Acetate  Method  or 

(h)  The  Molybdatc  Method. 
Both  methods  give  equally  good  results,  judging  from  experiments 
perforrafKi  in  the  author's  laboratory. 

(a)  The  Acetate  Method. 
The  filtrate  from  the  silicic  acid  \s  dilutml  inahenkertoa  voluma 
of  about  400  c.c.  and  animonia  is  added  until  a  pemtanent  precipi- 
tate of  ferric  hydroxide  is  produced.  Tlie  liquid  is  then  treated 
with  200  c.c.  of  a  aaturatml,  aqueous  soluttun  of  sulplnirous  ac!id 
and  slowly  heat«l  to  boiling.  The  precipitate  of  ferric  hydrox- 
ide soon  disaolvca  ond  the  liquid  assumes  a  dark  reddish-brown 
color,  which  on  further  heating  becomes  a  light  green,  or  almost 
colorless.  As  soon  as  this  point  is  re-ached,  10-2(1  c.c.  of  concen- 
trated hydrochloric  acid  are  added  and  a  current  of  carbon  dioxide 
is  conducted  into  the  colorless  solution  xmtil  the  excess  of  sul- 
phurous acid  ia  removed.  The  solution  is  now  cooled  by  placing  th« 
beaker  in  cold  water,  after  which  I  or  2  c.c.  of  chlorine  or  bromine 
water  is  added  to  oxidize  a  part  of  the  iron.  To  this  solution 
ammonia  is  added  verv  slowly  with  constant  stirring  until  the 
KKeniah  precipitate  of  ferrous-ferric  hydroxide  dissolves  with 
difficulty.  The  aildition  is  then  continued  drop  by  drop  until  a 
distinct  red  or  brown  precipitate  is  fonncd  and  then,  on  adding 
icnthT  drop  of  ammonia,  the  whole  precipitate  appears  green- 


444     GRAl^tMeTRiC  tiBTF.RMWATlON  OF  THE  METALLOIDS. 


If  before  this  occurs  the  precipitate  dooa  not  appear  decidedly 
red  in  color,  it  is  dissolved  in  a  drop  of  two  or  hj'drocliloric 
ftcid  and  1  or  2  r.r,  more  of  chlorine  or  bromine  water  is  added, 
and  the  addition  of  ammonia  is  repeated  until  the  red  and  then 
the  permanent  green  prenipitatc  is  obtained.  Acetic  acid  (sp. 
gr.  1.04)  is  now  added  drop  by  drop  uutU  the  green  precipitate 
ia  dissolved  and  the  reinaining  precipitate  is  quite  red  in  color. 
About  1  c.c.  of  acetic  acid  in  excess  h  aildeU  and  the  solution 
ia  boiled  for  one  n^inut^^.  All  the  phosphoric  acid  is  then  pre- 
cipitated as  white  ferric  pho.sphate  and  the  excess  of  ferric  iron 
as  red  basic  acetate.  The  sreatcr  part  of  the  iron  remains 
in  solution  as  ferrous  salt.  The  solution  is  liltert'd  promptly 
ihrouKh  a  large  filter  and  washed  once  with  hot  water.  The  pre- 
cipitate filters  readily  and  the  filtrate  Ja  at  first  clear,  but  U;comes 
turbid  on  standing  in  the  air, 

Tlie  precipitate  adhering  to  the  sides  of  the  beaker  w  dissolved 
by  wamiioR  with  a  mixture  of  hydrochloric  acid  (1:1)  and  10  c.5. 
of  broniinc  water.  Should  this  not  be  siiflicient  to  effect  com- 
plete .solution  (as  U  iisually  the  case)  enough  eoncentratetl  hydro- 
chloric acid  is  added  to  accomplish  this.  The  solution  is  then 
poured  ujxin  the  filter  containing  the  precipitate  and  the  filtrat* 
received  in  a  small  bealtcr.  Tlic  filter  ia  waslied  well  with  hot 
water  anti  the  stilutinn  its  ovaiHiraled  nearly  to  drj-ness  to  get 
rid  of  the  excess  of  hyilrocbloric  acid,  5  c.c.  of  a  50  per  cent,  citric 
acid  solution  are  a<Ided,  an  equal  amount  of  mnpncsia  mixture 
and  enough  ammonia  tn  make  the  solution  faintly  altialine.  When 
perfectly  cold,  one-half  of  the  liquid's  volume  of  strong  ammonia 
is  added  and  the  mixture  well  stirred.  After  standing  twelve 
hours,  the  precipitate  is  filtered  off  and  washed  with  2K  per  cent. 
ammonia  containing  2.5  gms.  of  ammonium  nitrate  in  earli  100  CC. 
This  precipitate  of  magnesium  ammonium  pli<is[ihale  always  con- 
tains a  small  amount  of  iron  and  silieic  acid  (the  latter  from  the 
glass)  so  that  it  is  dissolved  in  hydrochloric  atud,  the  s*)lution  evapo- 
rated to  drjTiess,  the  residue  moistened  with  concentrated  hydiD- 
chloric  acid,  taken  up  in  a  little  water,  filtered  through  a  small 
filter  and  the  residual  silica  washed  wiih  hot  water.  Tlie  filtrate, 
amounting  to  not  over  20  c.c.  at  the  most,  is  treated  with  1  c.c. 
of  the  citric  acid  solution  and  two  drops  of  magnesia  mixture 
and  the  precipitation  with  ammonia  ia  repeated  as  above.    Ia 
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this  way  a  precipitate  is  obtained  vhich  ytcUl«  puro  mngnorfum 
pyrophosphate  on  ignition. 

Remark.— A.  A.  Blair*  rvcommciuls  tho  ii«>  of  nrntmrnlnm 
bisulphite  (NH^HSOs)  instoa^l  of  ^ulphuruus  ackl  ftirlUt'  mluclinii 
of  the  ferric  salt.  Much  of  the  animontuin  iMnulphllr  of  (<ontmorrpf 
however,  contains  phosphoric  acid,  no  that  it  "••fini!  f"ofcr  to  iitm 
Butphuroufi  avid  for  this  parpOBe.  Again,  lUalr  mittgcNlji  that 
hydro^n  sulphide  be  passed  into  the  solution  alter  tlio  exmn  nf 
tho  sulphurous  acid  has  bet-n  removed, in  ortler  I0  pn>i'ipi(nl»'  any 
aisenicaa  tlte  trisidphide.  The  fill rat<?  frnni  the  ntw^iiii'  pn^riplinto 
is  heated  to  bf>ilin^,  tho  exet^ss  of  hydrofttin  aiilphide  t'\)>«>lltKl  by 
means  of  a  current  nf  carbon  dioxide,  and  the  iifilutk)n  iften  jMrlly 
oxidized  as  above  deiicribcd. 

(6)  The  Molyhdaic  M^hnd. 
The  filtrate  from  the  silica  (nco  p.  441)  ia  evaiirjralrtl  l/j  dry- 
ness in  a  porcelain  di«h,  the  dry  renidue  \n  dimvilveil  In  aa  littlp 
Ditric  acid  as  possible,  30  c.e.  of  amniotiiuin  nitrate  «ihitl<rft  and 
10  c.e.  of  nitric  aciil  arc  added,  and  the  ptionphoric  aelrl  In  preetpi- 
tated  aeoonling  t/i  the  prooecJure  <J  Wny,  p,  137,  l»y  the  (uldiii*.fi 
of  75  c.c.  of  ammonitun  motybdate.  After  <fe<'antinK  '>f(  Ut'-  fUi»f 
Liquid,  the  precipitAte  w  iranher!  flnec  \iy  de^ftfiration  wiili  Jf>-20 
€^  of  the  preacribed  waah  liquid  and  rerli«v>|vM  in  a  liMle  ammr»- 
nia.  To  this  aolmion  ft  ex.  rA  mnlybrUtr  itfAnt'vm  afifj  30  e.t. 
of  vster  rre  mAM  ;  it  la  heafM)  Just  ti>  the  UMinz^Ami  anr]  r^- 
praeqjiuted  by  the  arlrfitina  of  30  <.e,  nf  h/>i  nifrie  *eir|.  Tb* 
piedpitMe  n  thea  analyzed  by  th*  methcKl  of  KnlceMr  (p  ^Sfff 
or  by  that  af  Wny  {p.  440), 

-         PA  ^MX'^'.  -ft,Ol72»  "    " 

Mammk- — .\eeoHaaff  to  Dm  above  dirmliofw,  wnrnM  ffiffteiiKy 
ii  ttlly  Co-  be  pnawinl^eMl  at  rhe  «fa«p  wh>*re  fh"  dry  rmH'li'  t 
fafan  119  in  aithc  aeitl.  If  Uv  reei/tne  i*  n'/ert»ear.e<l  at  «ll  it 
JmwuIiih  ^taj  dowif  ta  the  mtrir  aeid  mrinv  t/>  iM  formaf  inn  nf 
bHie  fenfa  atta.     For  thia  waaor  -  '  -  *fi  i^n^yy 

00s  ibe  flMifife  iH  annnlanee  with   v    .,       .  ..-u:      -..f-  Awwrto— 
Ftwmdiyi— n'j  Jl^neiaiinn,  «hi^  ai<e  wr  fnll4«K 

\m»f^  nf  $im.  Ilk  mtUkm.  iflW 
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A  2-gin.  ttainpli-  of  the  borings  is  dissolved  in  50  c.c.  of  nitric 
acid,  Bp.  gr.  1.13,  and  10  c.c.  of  hydrochloric,  up.  gr.  1.2.  In  ca.se 
the  sample  contains  a  fairly  high  percentage  of  phosphorus,  it  la 
advisable  to  use  half  the  above  quantities  of  sample  and  reagents. 
The  solution  is  evaporated  to  Oryuess  and  the  residue  baked  until 
free  from  acid,  at  a  temperature  of  about  200°.  This  baking 
serves  to  oxidize  carbonaceous  matter  which  otherwise  interferes 
with  the  precipitation  of  the  phosphorus.  The  residue  is  dis- 
Bolved  by  heating  it  with  25-30  c.c.  of  concentrated  hydrochloric 
acid;  the  solution  is  diluted  to  about  CO  c.c.  and  filtered.  The 
filtrate  is  evaporated  to  about  25  c.c,  20  c.c.  of  concentrated  nitric 
acid  arc  added,  and  the  evaporation  is  repeated  until  a  film  begins 
to  form.  At  this  point  30  c.c.  of  nitric  acid,  sp.  gr.  1.2,  are  added 
and  once  more  the  solution  is  evaporated  until  a  film  forms.  It  is 
then  diluted  with  hot  water  to  a  volume  of  about  150  c.c.  and 
allowed  to  cool  somewhat.  When  at  a  temperature  between  70° 
and  80^  C.^  50  c.c.  of  ammonium  molybdate  solution  are  added 
and  the  solution  agitated  for  a  few  minutes.  The  precipitate  is 
then  filtered  on  a  tared  Gooch  crucible  which  has  a  paper  disc 
at  the  bottom.  The  precipitate  is  washed  three  times  with  3  per 
cent,  nitric  acid  and  twice  with  alcohol.  It  is  then  dried  at  a 
temperature  between  100°  and  105'  to  constant  weight.  The 
precipitate  contains  1.63  per  cent,  of  phoBphorus. 

The  ammonium  molybdate  solution  used  in  these  laat  dircctiona 
is  prepared  by  dissolving  100  gms.  of  raolybdic  acid  in  250  c.c. 
of  water  and  ISO  c.c.  of  concentrated  ammonia,  stirring  until  all 
is  diaaolvcd,  whereupon  65  c.c.  of  nitric  acid,  sp.  gr.  1.42, are  added. 
Another  solution  is  prepared  containing  'lOO  c.c.  of  the  concentrated 
nitric  acid  and  1100  c.c.  of  water.  WTien  the  two  solutions  arc 
cold,  the  first  is  poured  slowly  into  the  second  with  constant  stirring 
and  a  few  drops  of  ammonium  phosphate  solution  are  added. 
After  a  little  ammonium  phosphomolybdate  ])recipitate  has  settled 
out,  the  reagent  i.s  decanted  off  and  is  ready  for  use.  The  solution 
docs  not  keep  vcrj*  well,  so  that  the  analysis  should  always  bo 
carried  out  with  a  reagent  that  hoa  not  stood  very  long. 

The  phosphorus  in  iron  and  steel  is  verj-  conveniently  analysed 
by  a  volumetric  method.    See  Volumetrio  Analysis. 
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Determination  of  Phosphoric  Actd  in  Silicates, 

Tn  tlie  analysis  nf  ^ilicat^a  (rc^c  p.  401)  tKc>  jihoiijilioric  noid  !■ 
found  in  the  prccipilftte  protluced  Iiy  auinKHiiii  in  the  flllrnt*' 
from  the  silica  tngt-thcr  with  iron  ami  aluminium  hydroxitlcn. 
It  is  aiiaJyziHl  acRurJiog  to  p.  J 1 1. 

Determination  of  Phosphoric  Acid  in  Mineral  Waterg. 

The  ciinteutjt  uf  a  5-0  liu-r  lla»k  l-«  iii-Klilic^l  witli  hyilrorlilririe 
add  and  evaporutud  to  dryness,  tlio  it-Kiduu  it)  nioist^'ncd  with 
concentrated  hydrociiloric  atnd,  taken  up  wiUi  water,  and  Uw 
silicic  acid  filtered  off.  The  filtrate  ia  precipitated  with  nniinoniii, 
b>-  which  means  the  phosphoric  acid  is  usually  coinpleloly  tlirown 
down  in  the  form  of  phosphate  of  iron,  aluminium,  or  alkalim 
earth.  The  filtered  and  waabed  precipitate  is  disitrtlved  in  nitrM 
acid  and  the  phoepfaoric  acid  present  determinod  according  to  OM 
of  the  nxilybdate  methods  (pp.  43&-440). 

Remark. — If  the  mineral  water  does  not  contain  much  iron, 
aluminium,  or  alkaline-earth  metal,  but  ia  rich  in  pbimfAx/rie  Bciii 
and  the  alkalies,  the  precipitate  produred  by  ammonia  will  nr/t 
WBiMm  all  of  the  phoqjfaoric  acid.  In  sw^  a  eaar  thft  h^rdrrxrhlr/rio 
acid  soiution  from  the  sifioa  is  erapotmted  s«rveral  timea  to  dryneas 
with  nitric  add,  the  nadue  vt  disaohred  in  aa  IHiln  nitrle  a«id 
as  poaihis^  aod  iIk  plmpbonc  add  detennbwd  by  one  of  the 
tDoljbdMtm  stHfaodi. 

Wmtntiy  of  Xotybdeoazn  Residue*  fit.  BftrntrVKar),* 

In  pnctiee  tbe  great  mayxity  of  phnsphoffc  arid  dtimminw 
are  earned  out  aeeortfing  to  p.  434.     The  aeid  an^l  anr>- 
filcimtei  wniaitmg  molybdennm  are   lanvd,  ami   the 
luuijLJ^Miu  m  reeovavad  aa  SoQomm:    Intn  a  lurffp,  wida-mouthM 
359  cc  of  flCiQOS  anuDonia  a^  I   sn/l    ihi  m^'fljrb- 

fiitntea  an  added  to  tUi,    t..         .    mMiatf-ly  or  t^Utt 
:  tSsie  a  eryntalKae  deponit  of  almont  pftm  mnlyfyliA 
ia  fanned.     Whim  tlia  flarie  ia  oevly  foil,  '  ir<T>  m 

nannV  the  ywlphle  aHow^l  <'-■  1  the 
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Upper  liquid  containing  only  a  small  amount  of  molylxlenum  is 
poured  off.  The  rosiihie  is  imureii  upon  a  suction  plate,  washed 
once  mth  water  (not  more,  or  the  molybdic  acid  will  dissoN-e) 
and  Slicked  as  dn-  as  possible.  Tlie  prewpitat*  is  dissolved  by 
warming  with  as  little  ammonia  as  p(i»i4il>le,  leaving  bcliind  a 
residue  of  iron  and  aluminium  hydroxides,  nrngnenia,  and  silicio 
acid.  These  arc  filLercrl  off  and  the  solution  dihiteil  with  dis- 
tilled water  imtil  at  17°  C.  it  has  a  sticcific  gravity  of  1.11— 14"  B5. 
It  then  contains  IM  pms.  of  ammonium  molybdate  in  a  liter.  I( 
thifl  solution  is  diluted  with  four  times  as  much  water,  a  3J  per 
cent,  solution  will  be  obtained. 

DetenmaatLun  of  Phosphorus  in  Organic  Substances. 

Hie  substance  is  decomposed  by  the  method  of  Carius.  By 
the  action  of  the  nitric  acid  in  the  closed  tube  the  phosphorus  is 
oxidized  to  phosphoric  acid  and  this  is  determined  lu;  usual. 

Separation  of  Phosphoric  Acid  from  the  Metals. 

I.  Separation  from  the  M«t^  of  Groups  I  and  IL 

Hydrogen  sulphide  is  conducted  into  the  hydruchlorio  acid 
solution,*  by  which  means  all  the  members  of  thefie  {^lupn  are 
precipitated  as  sulpliides  while  the  pliotiiphuric  acid  remains  in 
sulutiun. 

3.  Separation,  from  the  Metals  of  Group  IIL 

(a)  Tlie  phosphoric  acid  is  first  precipitated  as  ammonium 
phosphomolybdate  aecorxUng  to  p.  -13G.  In  order  to  determine 
the  metals,  the  solution  containing  molybdenum,  but  free  from 
phosphoric  acid,  is  evaporated  with  the  addition  of  siUpburic 
acid  to  a  syrupy  consistency,  and  carefully  heated  over  a  free 
flame  until  the  nitric  acid  m  expelled.  After  cooling,  the  residue  is 
moistened  with  hydrocliloric  acid  and  taken  up  in  water.  The 
solution  is  placed  in  a  pressure-fla^k,  saturated  witli  hydrogen 
sulphide,  tlie  Hask  stoppered  and  heated  for  some  time  on  th« 
water-bath,  wlien  the  molybdenum  is  precipitated  in  large  flocks. 
After  cooling,  the  pressure-flask  is  slowly  opened  and  the  mo^l^ 

*  tVhea  nl^'cr  '\a  present  it  \a  prwipitatcd  oa  silver  cldorido.  fUtcnd  o^ 
ifid  ibc  filiratc  tnuiiul  mtb  tiydrogtui  suliilude. 
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denum  sulphiric  is  filtered  off.  Tho  filtmlf,  miw  trtw  fntin  plir!** 
phoric  acid  and  molybdenum,  in  aiiilyiind  for  tlie  tiiptuls  fti 
described  on  pages  82  to  1 U7. 

(6)  Tlio  phosphoric  acid  is  scpiirntod  im  Ijpfom,  iUn  nitralo 
ia  made  slightJy  anunoniacall  and  aatumtod  witti  liydro(t<>ii  mil' 
phide.  After  standing  for  vome  time  tho  Milutlon  IwriMifK  ttnU 
dlfih  ycMow  in  color,  wlien  the  precipitate  tfl  fillprifi  »ifT,  'Prm 
metals  of  this  group  will  be  found  in  the  prmilpltAt"  while  (h« 
molybdenuni  is  in  the  filtrate  in  the  form  of  itx  ffiilphfj-tialt, 

Bemark. — If  nickel  in  prcw-nt,  »t)tuv  of  it  will  remain  in  tli* 
fi!tnt«  with  the  molybdenum  on  acooiuit  of  the  tiolulnlity  tit 
■iekel  sulphide  in  ammonium  aulpUda,  m  Uiai  mathod  (^)  w)l 
tbeo  pve  more  accurate  remit*. 

3.  Sepantioo  of  Pbos^orle  Add  frmn  frm,  Ceteltf 
Mangamete,  and  Ztac. 

b  cue  the  aofcitiaa  eooUim  iron  in  tlM  lenrte  torn,  K  in  ae /ft- 
led  widi  h^JwiAbrie  acid,  wturat^d  with  by<lKi|p<n 
ndfarcacfcpim  of  the  nuxM  o%kIe?  3  ^oa*,  t>f  fartarin  .><  . .  .^;.i 
■AM;  As  nlntinn  v  nm\ft  sil\0iiiy  urmaiimM]  arft  alkirM 
to  aHnd  •noai^  in  a  rtopptmi  flasfe.  TIm  p««elpH«t«  rM»- 
imm  tte  Bemb  as  wIphkhB  fiiw  flmm  plwplvtfte  »ftfl,  ff  'm 
flMiri»  isaabad  with  «NMir  MMiiniiHC  ammAniitm  Milphld«,  i]l#' 
ahvi  ia  «adi,  aai  mmtfteA  mmnHm^  t«  p^.  InA  an4  IM. 

4.  SipaadMi  from  Chromic  AcM. 


BvnoiTif    wai5B*atiffHj 


f7««il4lliri 
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redisBoIved  by  a  few  drops  of  hydrochloric  add.  Frrric  chViridc 
is  then  added  drop  by  drop  until  the  liquid  above  tlie  yellowish- 
white  precipitate  of  ferric  phosjihiitc  becomes  distincUy  brown 
in  color,  nic  solution  is  diluted  with  water  to  a  vnliimc  of  300 
to  400  C.C.,  boiled  for  one  nvin\ite,  filtered  and  washed  with  water 
contaitiini;  arainoiiinm  acetate.  In  the  filtrate  are  now  found 
tlie  alkaline  earths  ami  alkalies,  which,  aft-cT  expelling  the  am- 
monium sahs  by  limiting  the  residue  obtjuned  after  e\'aporating  to 
dryness,  is  analyzed  in  the  usual  way  (see  pages  43  and  76  ff.l. 


TmosoLPHtXRic  Acid,  ITy'^jO,.    Mo!.  Wt.  114.16. 
rttriu:   Barium  Sulphate,  BaS04. 

The  aqueous  solution  of  the  alkali  thlosxJphate  is  treated 
with  an  anunoiiiacal  solution  of  hydrogen  peroxide,  or  with  am- 
moniacal  percarbonatesohition,  heated  for  some  time  on  the  water- 
bath,  and  then  boiled  to  destroy  the  excess  of  the  reagent.  This 
solution  is  aei<lifi.cd  with  hydrochloric  acid  and  the  sulphuric 
arid  formed  by  the  above  treatment  ia  precipitated  as  barium  sul- 
phate.   Two  niols.  BaSO,  correspond  to  1  ciol.  H,^0,. 

A  much  better  procedure  for  the  estimation  of  thiosulphurio 
acid  will  be  discussed  under  lodiinetryj  Part  II. 

The  remaining  acida  of  this  gf^Hip,  arsenious,  arsenic,  vanadJc, 
and  chromic,  have  been  discussed  umlcr  the  re.spectivc  metals,  while 
periodic  acid  is  aixaly2ed  precisely  in  the  same  way  as  iodii  acid. 
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GROUP  V, 

NITRIC,  CHLORIC,  ASD  PERCHLORIC  ACIDS. 

HmUC  AQD,  HXO3.     Mol.  Wt.  G3.02. 

1:  Nitron  Nitrate,  CigHieN^.HROj,  Nitrogen  Pentortde.  N.Oi; 
Ammonia,  NU^;   Nitric  Oxide.  NO,  and  Volumetrically. 

1.  Determination  of  Nitric  Acid  as  Nitron  Nitrate.* 

The  base  diphcnyl-cndo-aiulo-hy<,lro-triazole,  CaoHiaN^,  or 


CaHe-N- 


X<  CnHa 


HC 


-N 


N-;  CflHs 


called  "  nitron  "  for  the  sake  of  brevity,  forms  a  fairly  insoluble^ 
cr>'staltine  nitrate,  CaoIIioX^IIXOa,  whivli  can  be  used  for  the 

separation  and  quantitative  estimation  of  this  nciil. 

/^rocet/urc. ^Enough  of  the  substanM  la  taken  to  furniah  about 
0.1  gm.  of  nitric  aciil,  anil  dissolved  in  SO-lOO  c.c.  of  water  with 
the  addition  of  10  drops  of  dilute  sulphurir  acid.  The  solution  is 
heated  nearly  to  boiling  and  treated  with  10-12  c.c.  of  nitron 
acetate  solutionf,  which  is  added  all  at  one  time.  The  beaker 
containing  the  solution  and  precipitate  h  kept  surrounded  by  ice- 
water  for  about  two  houra.  The  precipitate  is  then  transferred  to 
ft  Munroe  crucible  and  drained  as  completely  as  possible  from  the 


•  M.  Bii«h,  Ber.  3S.  StU  (1905).      A.  Oulbicr,  Z.  angcw.  Chom.,  I1N)5.  CW. 

fThe  r«aKC«t  i»  i>rc|i,tn.H]  hy  diiwylvitiK  10  Rm.  of  niiron  (which  can  be 
obl«ined  erf  Uerck)  in  ICX)  c.c.  of  5  per  cent,  acetic  uciJ.  Tlw  whjtbn  uHuuDy 
hu  a  reddUh  color,  but  can  l>e  kepi  for  a  long  Ximia  in  a  dark-eolored  botlia 
without  its  aDdergolng  any  change. 
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pale  yellow  mother-liquor.  It  is  washed  with  10  or  12  r.c.  of 
ice-water,  added  in  small  portions,  anj  the  precipitate  drained 
well  after  ench  washing.  The  precipitate  is  dried  at  110°  to 
constant  weight.     It  contains  lC.53  per  cent,  of  XO3. 

Remarks. — Tho  following  acids  intrrfcrc  with  the  detcraiination 
of  nitric  acid  by  the  nitron  method, — hydrobromic,  hydriodlc, 
nitrous,  chromic,  chloric,  perchloric  and  the  less  common  thio- 
cyanic,  hydrofcrrocyanie,  hydrofcrricyanic,  picric  and  oxalic 
acids.  All  of  the  above  acids  form  salts  with  nitron  which  are  not 
very  soluble;  these  acids  must,  therefore,  be  rt-moved  from  tho 
solution  before  precipitating  the  nitric  acid. 

Hydrobromic  acid  is  decoinpos(xl  hy  adding  chlorine  water 
drop  by  drop  t^^  the  neutral  solution  and  boiling,  until  tho  yellow 
coloration  entirely  disappears. 

Ihjdriodic  acid  U  removed  by  adding  an  excess  of  potassium 
iodatc  to  the  neutral  solution,  and  boiUng  until  the  iodine  is  all 
expelled. 

\'ilrous  acid  is  removed  by  dropping  finely  powdered  hydraxino 
sulphate  into  the  concentrated  solution  (0.2  gm.  of  substance  in 
6  or  6  e.e.  of  water). 

Chromic  acid  is  reduced  by  hydrazine  sulphate. 

Some  idea  as  to  the  relative  solubilities  of  the  various  salts  of 
nitron  is  obtained  from  the  following  table; 

100  c.c.  of  slightly  acid  water  dissolve  at  ordinary'  temperatures 
about 


O.flOftfl  gm.  of  nitron  nitrate,  coiwaponcJing  to  l>.0017  pn.  TTNOi 


0.01 

0.017 

0.10 

o.os 

0.12 

0.008 
0.04 


linimiili!, 

iodide, 

nitrite, 

clirumatc, 

chlnratc, 

pcrchlorrit«, 

thiocyan&te, 


0.125 
0.003 
0.022 
0.011 
0.022 
0.002 
0.007 


Illlr 

HJ 

HNO, 

H,Cr,Oi 

IltlOi 

iino^ 

HCN3 


These  values  arc  only  approximate.  The  solubility  of  the 
nitrate  Is  given  a  littLo  too  high  and  that  of  tho  other  ualts  a  little 
too  low. 
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4  Si 


On  account  of  tho  apprec'able  solubility  of  the  nitrate,  it  was  to 
be  expected  that  the  results  wou'd  be  a  little  low.  This  is  not  the 
case,  however,  as  liusch  and  Gutbier  have  provetl.  It  is  pr:;bable 
that  the  precipitate  occludes  a  little  nitroti  acetate  and  in  his  way 
the  error  caused  by  amount  left  in  solution  iy  compensated. 


3.  DeterminatioD  of  Nitric  Acid  as  Nitrogen  Pentoxide.* 

This  method  U  based  upon  the  fact  that  when  an  intimate 
mixture  of  a  drj'  nitrate  is  heated  with  an  cxccari  of  silica,  nitrogen 
pentoxide  is  evolved  and  the  amount  is  determined  by  the  loss  in 
wei^t. 

2NaN03 + SiOz = N"&2Si03  +  N20«. 

This  method  cannot  be  used  when  there  is  any  other  volatile 
substance  present,  which  i^  u.suaUy  tho  case. 


5.  Determination  of  Nitric  Acid  as  Ammonia. 

The  usual  method  for  the  determination  nf  nitric  arid  is  to 
reduce  it  in  alkaline  solution  to  ammonia  by  means  of  aluminium, 
rinc,  or,  best^  Devarda's  alloy  (cf.  Vol.  I): 

N(^+4Zn+70H-  -»4ZnOi=+NHa  f  +2H2O. 


After  the  reduction,  the  solution  is  diatillcd  into  a  known 
nmountofftcid  and  the  excess  of  the  acid  is  founrf  by  titration, 
orlhe  ammonia  is  detennined  as  ammonium  chloroplalinatc  or 
AS  platinum  (cf .  page  hs,,  b  and  c). 


•  Rdeb.  Z.  Clicn.,  1,  86  <1862}. 


A 

Fia.  TS. 

this  the  flask  is  immediately  comiectcd  with  the  di5<Uta- 
tion  apparatus  as  shown  in  the  figure.  The  P^ligot  tube,  A, 
of  alwut  250  ex.  capacity,  is  constructed  as  proposed  by  ¥.  Tan- 
nerU-t  Its  left  arm  is  connected  by  a  curved  tube  with  the  mid- 
dle bulb,  so  that  a  spurting  back  cf  the  HtiuiJ  is  avoided.  The 
dHliver>'-tube  (<»f  iK>tash  glass^  connecting  the  flask  K  with  the 
tube  A  is  about  1  cm.  in  diameter  and  is  provided  with  a  RmaM 
opening  at  0,  inside  the  flask,  to  preveot  any  of  the  alkaline  solution 
being  cnrried  ovit  wilh  the  ammonia.     Twenty  cubic  centimeters 

•Zdt.  f.  ftniil,  Ch.-m..  XXXIII  (1894),  p.  113. 
t/fcia.,  XXXIX  ti'JOOJ,  p.  318. 
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of  hfJf-norniat  sulphuric  arid  nrc  added  to  the  tube  A  *  and  diluted 
BO  that  the  solution  just  rpachos  to  oach  of  the  bulbs  o  1  the  side 
while  .5  c.c.  of  the  acid  are  phii-d\  in  li,  wltli  a  few  dropw  of  methyl 
orange,  and  diluted  in  the  anmR  way.  The  tubes  .4  and  /_*  are 
connected  by  means  of  a  T  tube,  nf  wtiich  tlie  upper  end  is  eloaed 
by  a  pmeh-pock  upon  a  piece  uf  rubber  tubing,  so  that  a  piei-e  of  red 
Utm\is  paper  may  be  introduced  here. 

When  all  is  ready,  the  contents  of  the  fla.sk  K  are  gently  heated 
[u  order  to  start  the  reaction,  then  the  (l.iine  is  removed  and  the 
reaction  allowed  to  proceed  by  itself,  .\fter  an  hour  tlus  will  be 
Bhown  to  be  complete  by  the  eessation  of  the  hydrogen  evolution. 
The  liquid  in  ff  is  then  slowly  heatetl  tf>  boiling,  and  kept  at  this 
temperature  until  about  half  of  the  liquid  has  distilled  over  into  A ; 
tliift  requires  alxiut  half  an  hour.  Durin-?  the  last  ten  minutes 
a  slow  current  of  air  is  passed  through  the  tube  r. 

If  the  distillation  has  been  correctly  performed,  all  of  the 
ammoni:^  will  now  be  found  in  ,4 ;  no  trace  should  reach  B,  and  tlte 
red  litmus  paper  in  the  T-tube  sliould  show  no  tinge  of  hlue. 

When  the  distillation  is  finishetl,  the  pinch-cock  at  r  is  opened 
and  the  (lame  removed.  A  little  methyl  orange  is  added  to  .4  where- 
by the  Uquid  is  colored  red,  the  contents  of  B  are  poured  in,  the 
latter  tube  b  washed  with  water  that  is  adiied  to  A,  and  the  excess 
of  the  sulphuric  acid  is  titrated  with  half-normal  caustic  |jotash 
solution  until  tho  solution  is  changed  to  yellow.  The  amount  of 
nitric  acid  is  computed  as  follows: 

The  tubes  originally  rontnined  25  r.c.  of  half-normal  acid» 
and  (  c.c.  of  half-normn.1  cansti'C  potash  solution  were  used  up 
in  the  titration;  con.scquently  the  ammonia  formed  from  0.5  gm. 
of  the  nitrate  was  neutralized  by  25— (  c.c.  of  half-normal  sul- 
phuric acid. 

Since  I  mol.t  of  HNOa  (63.02  gms.)  on  being  reduced  yields 
I  mol.  of  NH3,  and  one  liter  of  half-normal  sulphuric  acid  con- 
tains enough  Bulphuric  acid  to  neutralize  i  mol.  of  NH3,  it  b  evi- 
dent that  1  c.c.  of  the  acid  in  cquivxUent  to    -„^    °  0.03151  gm. 

•  The  mho  A  has  a  capacity  of  about  250  cubic  ct^iilimeteni. 
t  Ostwalcl  has  propoeed  that  th«  iiiulccular  weight  in  gnuns  of  a,  sub- 
gUtate  bo  ilciuKiiat<.-d  by  the  word  "mol." 
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of  nitric  acid  so  that  25-«  c.c.-C2S-0XO.03l5l  gm.of  HNO3O1 
(25—0  -03101  gm.  NOa,  and  the  per  cent,  of  NO3  present  is 

O.5:(25-0*O.O31O1=1OO:j: 
*= 6.202- (25 -0=per   cent.  NOa. 

Determination  of  T7itric  Acid  as  Nitric  Oxide. 

Method  0}  ScklOsing  and  Qrandeau,  modified  by  Tiemann  and 

Schvlte* 

Pn'nripfe. — If  a  nitrate  is  heated  with  ferrous  chloride  and 
hydrochloric  acid,  the  nitric  acid  is  reduced  to  nitric  oxide: 

NaNO,+ 3FeCl,+ 4Ha  -  Naa+  3l''eaj+  2H,0+  NO. 

From  the  vohime  of  the  nitric  oxide  its  weight  is  calculated. 

The  method  of  Schlosing  in  its  original  formf  was  not  much 
used  on  account  of  thp  apparatus  rcquire<l;  but  after  being  mo<ii- 
fied  by  Grandcau  J  it  ha.s  become  one  of  the  best  methods  for  the 
determination  of  nitric  acid. 

The  apparatus  necessary  is  shown  in  Tig.  79  and  consists  of 
a  150-cc.  flajik  A'  fitted  with  a  double-bored  rubber  stopper. 
Through  one  of  the  holes  is  passed  the  tube  b,  which  reaches  into 
the  flask  just  to  the  lower  surface  of  the  stopper;  through  the 
other  hole  paiwes  the  tube  a.  §  ending  in  a  retitriction  about  1  nun. 
wide  and  reaching  li  cm.  beEow  the  stopper.  The  tube  b  is  con- 
nected by  means  of  a  piece  of  rubber  tubing  5  cm.  long,  which  ia 
wired  on  to  the  tube,  and  la  provideti  with  a  pinch-cock,  with  a 
second  tube  whose  lower  end  reaches  up  into  the  measuring-tubo 
and  is  covered  with  nibber  tubing  as  ia  shown  in  the  figure.  In 
the  same  way  the  tube  a  is  connectetl  with  a  straight  tube. 

Soiulions  reguired — 1.  A  nitrate  solution  of  knt.»wn  strength, 
prepared  by  dissolving  in  one  Hter  of  water 2.0222  gnis.  of  rec^rystaW 
lized  potassium  nitrate  that  has  been  dried  at  160*  C.     Fifty  c.c. 

•'Zeit  ra-ml.  Olifm.,  TX  C1S70),  p.401.  ami  IVrirhUj,AT(1873),  p.  1041. 
t  .-Uinalps  do  ciHtti.  et  Am  ph™.,  [:j),   40  (1853),  479. 
t  Graudi'aii,  Analyse  rlimiiiiuc  appliqw^  A  I'sgriciUture. 
{  CiniDilcau  iiwd  a  mrpiimton*  fuiine!  iuirt«&d  ot  tha  tube  a;   the  l&ttei 
VB9  proposed  by  Ttemann  and  Scbulec. 
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of  this  solution  evolve  at  0**  C.  and  760  mm.  pressure  22.41   c.c. 
of  NO. 

2.  A  ferrous  chloride  solution  obtained  by  dissolving  20  gm. 
of  iron  (nails)  in  100  c.c.  of  concentrated  hydrochloric  acid. 

3.  Hydrochloric  acid,  of  specific  gravity  1.1. 

Procedure. — First  of  all,  10  c.c.  of  water  are  poured  into  K 
and  its  upper  level  is  marked  on  the  outside  of  the  flask  by  means  of 


FiQ.  79. 


a  colored  pencil,  then  40  c.c.  more  are  added  and  its  position  is 
also  marked. 

The  water  is  now  poured  out  and  exactly  50  c.c.  of  the  standard 
nitrate  solution  is  added  to  K,  the  stopper  fitted  with  the  two 
tubes  is  placed  in  the  fla.sk,  and  the  pinch-cocks  h'  and  h"  are 
opened.  The  contents  of  the  flask  are  heated  to  boiling  with  a 
free  flame  (a  wire  gauze  is  not  used)  until  finally  no  more  bubbles 
of  air  escape  from  the  lower  end  of  6  into  the  bath  containing 
boiled  water.  To  make  sure  that  the  air  is  all  expelled  from 
the  apparatus,  the  rubber  tubing  at  h'  is  pinched  with  the  thumb 
and  finger,  when,  if  no  air  is  present,  the  liquid  will  quickly  rise 
in  6.  exerting  a  noticeable  pressure.  The  pinch-cock  A'  is  then 
rlosed  and  the  boiling  is  continued  until  the  50  c.c.  haj  been  re- 
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duced  to  a  volume  of  10  ^.c.wlitni  the  flame  U  removed  aut!  the 
pinch-cock  k"  is  immcdiutcly  crlnsutl.  The  lower  end  of  a,  which 
dips  into  distilled  water,  is  immediately  filled  with  the  latter  up 
to  the  pinch-cock.  The  vapors  in  tlie  flask  condense,  fontiiiig  a 
vacuuni,  as  shown  by  the  clusing  together  of  the  rubber  tubing 
at  h'  and  h". 

30  c.c.  of  the  fen-ous  chloride  eolution  are  poured  into  a  beaker 
and  the  upper  Juvul  is  marked  uii  the  outside  with  a  colored  pencil, 
then  20  c.c.  mure  arc  added  and  the  position  in  the  beaker  is  aguin 
tnarkud.  The  lower  end  of  the  tube  u  is  jilaced  in  the  ferrous 
clUoride  solution  so  tlial  it  reacheB  below  the  lower  mark  on  the 
beaker,  and,  by  opening  A",  20  c.c.  of  the  solutioa  are  allowed 
tc  pass  into  the  flask  K.  The  beaker  containing  the  rent>us  chloride 
is  tlieii  replaced  by  uiie  containing  boiled  water.  The  tube  a 
shoukl  not  extend  vertically  into  the  water,  but  should  be  inclined 
as  much  afi  iHwsible.  The  specifically  heavier  ferrous  chloride 
solution  in  the  tube  passes  into  the  water,  while  the  latter  takee> 
its  place.  When  the  lower  end  of  a  has  become  fiUod  with  pure 
water  in  this  way,  it  is  dipped  into  a  beaker  containing  hydrochloric 
acid  (sp.  gr.  1.1)  and  about  20  c.c.  of  the  acid  are  allowed  to  6ow 
into  K,m\<\  finally  3-4  c.c.  of  water  are  added  to  replace  the  acid 
in  a.  A  50-c.c.  riicaKiiring-cylirider  in  now  Jillwi  with  boiled  water, 
placed  over  the  lower  end  uf  b  im  nhown  in  the  figure,  and  the  con- 
lenta  of  the  flask  K  are  heated  fifteen  minutes  on  the  wat«r-bath,* 
then  heated  to  boiling  with  a  free  flame.  jVs  soon  aa  the  com- 
pressed  rublx^r  tubing  begins  to  expand  h'  is  opened,  but  the  rubber 
tubing  is  at  the  aame  time  pinched  between  the  thumb  and  fnLger. 
As  soon  OB  the  liquid  no  longer  rises  in  6,  the  hand  is  removed  from 
the  nibbcr  tubing  and  the  nitric  oxide  begins  to  collect  slowly  in 
the  measuring-tube.  After  half  of  the  liquid  has  evap<^irated 
there  is  no  further  evolution  of  nitric  oxide  to  be  noticed,  although 
the  bmwn  color  of  the  solution  8ho\vs  that  the  gas  has  not  l>een 
completely  expellwi.  In  order  to  accomplish  this,  the  flame  is  re- 
moved, h'  is  closed,  and  the  litjuid  in  A'  allowed  to  cool.  By  means 
of  the  vacuum  thus  produced  the  remainder  of  the  nitric  oxide 
is  expelled  from  the  solution  and  the  boihiig  is  once  more  repealed, 
with  the  same  jirecaiitioos  as  before,  until  the  lower  mark  is 
•  Tlie  htMting  on  thft  wnter-iiath  is  nt-cuaaar)-,  wt  uthcmiaj  »  lilll«  nilric 
will  iHBta  over  and  not  be  reduced.    A.  WcgflUn,  Inaug.  Dissert.  Ziirich,  1907. 
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reached.  Tlie  fljinie  is  removed,  k'  le  closed,  and  tho  measuring- 
tube  containing  the  nitric  oxido  is  plucu^t  in  a  cylimler  containing 
pure  water  at  the  temperature  u£  the  mom.  To  provt-iit  tlie  tube 
containing  the  gas  from  sinking,  its  upper  end  is  encased  in  a  large 
cork  so  that  it  floats  on  the  water.  After  standiug  fifteen  to 
t«-enty  minutes  the  tube  is  raised  by  moans  of  the  nork  until 
the  level  of  the  liquid  within  stands  at  the  aanio  height  as  that 
in  the  cylinder  without,  and  the  volumo  of  the  gaa  is  read.  At 
the  same  time  the  temperature  of  the  water  is  taken  and  the  barom- 
eter reading  is  noted. 

The  volume  thus  obtained  is  reduced  to  0"  C.  and  760  mm. 
pressure.  If  the  temperature  was  t°,  the  barometer  rcaiiing  B 
millimeteis,  and  w  the  tension  of  aqueous  vapor  at  1°,  then  the 
reduced  volume  is 

*       7t>U(27a+0* 

Now  SO  e.c.  of  tlm  standard  potftwiimi  nitrn'te  whitJon  con- 
tain 0.1011  gin.  of  KNOs  wrroiiponding  to  O.OOiOl  gin.  of  NOg^ 
BO  that  the  votumo  V'a  of  the  nitric  oxide  corruspotids  to  0.06201 

gm.  NOr 

The  same  procedure  is  now  foUowc<l  with  50  c.c.  of  Iho  solu- 
tion of  the  unknown  mtrat<>,  which  -should  be  prepared  so  ttml 
the  amount  of  nitric  oxide  evolved  will  be  aljout  the  same  as  th.it 
from  50  c.c.  of  the  standard  solution.  If  at  t'°  C.  and  Bi  mm. 
pressure  the  voltmic  V  of  nitric  oxide  is  obtainedj  and  tCj  is  tho 
teutuon  of  aquiWiis  vajmr  at  (**,  then  the  reduced  volume  of  the 
nitxogea  will  be  as  l>i:furo 

'"  7(30(2734-0  * 
Tha  followmg  proportion  now  holds: 
r,:  0.00201- Tola 

T!-0.(W20I  „^  .    „         *    1  .. 

X_  — fc-. -*gni,  yO,  m  50  c.c.  of  eolation. 


"Throe  or  four  vsiwriniuutM  un:  ptirformcd  willi  Itic  sULadud  iiolutloa, 
■nd  tbe  mt*n  valoe  is  u^cd, 


mi 
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Rfmark. — It  U  not  permissible  to  compute  directly  the  weight 
of  NO,  which  corresponds  Ut  the  volume  of  nitric  oxide  obtained, 
'or  some  nitric  ux'niv  always  remHins  ia  tlie  flask,  so  tliat  low 

/alues  woidd  result.    This  error  is  cliinuiated  by  llie  above  pn>* 

cedure. 

h.  L.  de  Koninck  *  has  devised  an  apparatus  which  prevents 
the  liquid  from  fturking  hfn'k  into  the  deci>mpo8ition-(la»k  and 
at  the  same  time  permit*  the  carryinp;  out  of  a  number  of  deter- 
minations one  after  the  other  without  cleaning  the  apparatxis 
or  boiling  it  free  from  air  in  the  meaiilinie. 

Deteiminatioa  of  Ititric  Acid  in  a  Drinking-water. 

From  100  to  300  c.c.  of  the  water  arc  evaporated  to  40-50  c.c. 
in  a  porcelain  dish,  a  few  drops  of  mothyl  orange  are  added,  fol- 
lowed by  dilute  hydrochloric  acid,  free  from  nitrate,  until  the  solu- 
tion is  pink  in  color.  Sa<lium  carbonate  solution  is  now  added 
until  the  liquid  is  barely  alkiiline  (it  becomes  yellow)  and  the  con- 
tents of  the  flask  arc  washed  into  the  dcconip(>eition-S&.<)k  K, 
Fig:.  79,  and  analyzed  as  des-jribed  on  _page  457  with  the 
difference  tliat,  instead  of  collecting  the  gas  over  water,  a  10  per 
cent,  solution  of  sodium  hydroxide  is  used,  to  make  sure  tluit  the 
carbonic  acid  which  is  set  free  is  completely  absorbed. 

.\fter  the  L'Xperinient  has  bot*n  pcrfoniied  wuh  the  water  to 
be  analyzed,  it  is  repcat^ed  with  an  amount  of  ihe  standard  sphj- 
tion  sufficient  to  e^'olve  about  the  same  quantity  of  nitric  oxide. 
Tlie  analysis  is  then  computed  as  bcjfnre. 

Jitmitrk. — In  drinking-water  the  ncutralixiition  of  the  evap- 
orated sample  is  not  alwolutely  necessary,  except  in  the  caw  of 
alkaline  mineral  waters;  in  that  case  the  introduction  of  the  hydro- 
diloFLc  acid  would  otlierwise  cause  such  a  violunt  evolution  of 
carbon  dioxide  that  the  flask  might  crack. 

Chloric  acid,  hcio,.    MoI.  Wt.  84.*I7. 
Fonns:  Silver  Chloride,  AgCl,  besides  volumetric  and  gasometric 

methods. 
Tn  order  to  delemiine  chloric  acid  as  silver  chloride  it  must 
previously  be  reduced  to  chloride  by  means  of  ferrous  sulphate  or 
zinc. 

*  Z.  anal.  Cbem.,  33,  200  (IStii).  Sec  alao  UocbU  sad  Hitter,  ibid.,  42 
305.  (1903). 
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Reduction  by  means  of  Ferrous  Sulphate. 

About  0.3  gm.  of  the  aolt  is  dissolved  in  100  p.c.  of  water, 
trealed  with  .W  c.c.  of  a  1<1  per  cent,  solution  uf  crystallized  ferrous 
sulphftto,  heflUvi  with  constatii  stirring  (ill  it  begins  to  Uiil,  aad 
kept  »t  this  t43nperatiire  for  fifteen  minutes.  After  cooling, 
nitric  acid  is  addcf!  until  the  dcpositwl  basic  ferric  snit  is  dis- 
ftilverl,  when  the  clilnnde  is  precipitated  by  means  of  silver  nitrate 
and  weighed  after  the  usual  treatment. 

One  gram  of  silver  chloride  corresponds  to  0.!%550  gin.  KCIOj. 

Reduction  with  Zinc. 

Although  chlorates  are  rc-diirtHl  in  neutral  solution  by  means 
of  line  or  DevanJa's  alloy,  it  is  not  aLlvisBblc  to  effect  the  reduo 
tioo  in  this  way  for  quantitative  purposes.  The  same  end  is 
reache<l  more  expeditiously  by  adding  zinc-dust  to  the  acetic 
flfid  s<^hition.  The  dilute  chlorate  solution  is  treated  with  acetic 
acid  until  it  reacts  distmctly  acid,  an  excess  of  poft-dered  zinc  is 
added,  and  the  solution  boiled  for  one  hour.  After  cooling,  nitric 
arid  is  added  in  suJficient  quantity  to  dissolve  all  of  the  exce.is  of 
sine,  after  which  the  solution  is  filtere<l  if  necessary  and  the  chloride 
precipilated  and  detcnnined  as  silver  chloride. 

Remark. — ]*oih  methods  afford  exact  results,  but  the  former 
ifl  to  be  preferred,  for  it  ia  accomplished  in  Icaa  time. 

Chlorates  are  not  qtiantitatlvely  decomposed  into  chlorides 
by  ignition  in  open  vessels  or  in  a  current  of  carbon  dioxide.  Some 
chkirine  and  n  httle  alkali  is  alwa>'s  lost,  so  that  even  when  the 
nadue  is  evaporated  with  bydrochloric  arid,  too  low  results  are 
obtained.  L.  lilangcy,  working  in  the  author's  lalwratory,  ob- 
tained results  which  were  from  0.3  to  I.l  per  cent,  below  the  theo- 
retical value. 

Acconling  to  the  two  following  methods,  the  decomposition 
of  alkali  ctdurate  Into  cldonde  is  quantitative. 

(fl)  Btj  Emjioralion  uritk  HijdrvcMenc  Acid. 

The  chlorate  contained  in  a  weighed  porcelain  crucible  is  covered 
with  hydrochloric  acid  (1:3).  A  watch-glaas  is  placed  upon  the 
crucible,  and  the  contents  of  tlie  latt«r  are  heated  on  the  water- 
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batli  until  tlie  evolution  of  chlorine  ceases.  The  liquid  on  the  lower 
Burfaee  of  the  watvh-glasH  is  then  washed  into  the  crucible,  and 
ite  coutenw  are  evuiiorateil  to  Jrj'uesa  on  the  water-bath.  The 
cover  is  placed  upon  it  and  it  is  then  gently  ignited  over  a  free 
Qame  until  the  decropitution  ceases.  After  ciKiling  in  a  desic- 
cator, the  crutiihle  is  again  weighed.  In  this  way  I>.  Hlaiigey 
obtmncd,  oa  a  mean  of  four  experiments,  100.02  per  cent.  oE  tbo 
theoretical  value. 

(t)  By  Ignition  iinth  Ammonium  CMoride. 

The  alkali  chlorate  is  mixed  in  ft  porcelain  crucible  with  three 
times  as  much  pure  ammonium  chloride,  covered  Tvith  a  watch- 
glass,  and  heated  over  a  free  flame,  kept  in  constant  motion,  until 
the  ammonium  chloride  ia  completely  removed.  The  crucible 
is  then  weighed.  As  a  mean  of  two  experiments,  L.  Ulangey 
obtained  100.06  per  cent,  of  the  theoretical  value. 

Perchloric  Acid,  HCIO,.  Mc.I.  Wt- 100.47. 
Form:  Silver  Chloride,  AgCl. 
Percliloratcs  cannot  be  reduced  to  chloride  by  means  of  ferrous 
Bulphate,  zinc,  or  by  njpeatiNl  evaiM>ration  with  concentrated 
hydrochloric  acid.*  On  ignition,  sonic  tthlorine  and  alkali  chloride 
are  lost,  so  that  an  error  amounting  to  as  much  as  I  per  cent,  may 
be  expected.  On  the  other  hand,  Wintelcr  has  shown  that  pcr- 
chlorates  may  be  chaaged  to  chlorides  by  heating  with  concen- 
trated nitric  acid  and  silver  nitrate  in  a  closed  tube  (see  Carius' 
method  for  determining  chlorine  inorganic  substances,  page  325), 
while  L.  Blongey  found  that  ignition  with  ainmojiiuni  chloride 
would  accomplish  the  same  result. 

Decomposition    of   PercMorates   by   Ignition    with   Ammonium 

Chloride. 
By  tvrice  igniting  an  intimate  mixture  of  0.5  gm.  iwtagsium 
perchlorate  with  IJ  to  2  gins,  of  animordoni  chloride  f  in  a  plaiinum 

*  On  ev-oprnitinc  wilh  IiytlMcUIoric  acid  Uiltu-  1»  u  Iims  without  any  evo- 
lution of  chloriiiG;  it  must  be  liuu  to  lliu  vulaliliuittoD  uf  ifituih  umounta  of 
pert-hlarie  arid. 

t  Wlieu  2  jpns.  of  NlijCl  arc  iu>ed,  odd  and  odO-liaU  to  two  houn  are  nao- 
&9sar>'. 
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crucible  covered  with  a  watch- glass,  the  former  is  completely 
changed  to  chloride.  Care  ahiiuld  be  taken  not  to  melt  the  resirlual 
<jh]oride,  for  in  that  ca^e  the  platinum  is  attackei],  although  the 
accuracy  of  the  results  is  not  affected.  Blangoy  obtained  in  two 
experiments  100.06  anrl  100. OS  per  cent,  of  the  theoretical  valuta. 
It  is  worth  mentioning  that  complete  decomposition  could 
not  be  effects!  by  igniting  three  times  in  a  porcelain  *  crucible; 
the  platinum  evidently  plays  the  part  of  a  catalyser,  as  was  proved 
by  the  following  experiment:  0.4767  gm.  of  KCIO,  was  mixed 
in  a  porcelain  crucible  %vith  U  gm.  of  NIIjCI,  ami  1  c.c.  of  hydrf>- 
chlorplatiiiic  acid  (eontoining  0.0918  gin.  Pt)  was  added.  After 
evaporating  to  drj-uess  on  the  water-bath,  the  ammonium  chloride 
VA8  completely  e.\pelletl  and  the  residue  was  ignlteHl  twice  more 
with  the  same  amount  of  the  latter.  Tho  residue  of  potaa.*dum 
chloride  then  weighetl  0,2.572  gm.,  corrcspoiuling  to  100.24  per 
cent,  of  the  theoretical  amnunt-f 

Determination  of  Perchloric  Together  with  Chloric  Acid. 

In  one  portion  the  chlorate  is  reduce*!,  as  descrilwd  on  page  161, 
with  ferrous  sulphate,  and  the  chloride  formed  iletenniiiod  aa 
Bilver  chloride.  A  semnd  portion  is  ignited  in  an  old  platinum 
crucible  (or  in  one  of  porcelain)  ivith  the  adrlition  of  1  c.c.  of  hydro- 
chlorplatinic  acid  ami  three  timas  as  much  ammonium  chbrid© 
(as  described  above).  In  this  way  the  total  amount  of  chloring 
b  obtainetl  and  from  those  data  the  amount  of  each  acid  can  be 
calculated. 


Determination  of  Perchloric,  Chloric,  and  Hydrochloric  Acids 
in  the  Presence  of  One  Another. 

The  three  acids  are  assumed  to  be  present  in  the  form  of  thar 
alkali  salts, 

•TbiM  on  Ij^nitiiiR  0.4398  pn.  KCIO,  with  2  gHW.  N1I.CI  a  rweidue  ol 
ftS'KiS  1^,  waa  obtjiincd  instead  of  one  wrighing  0.2.^06  pm. 

tTlii-TB  id  ofU-n  B  sliiiht  ^••[Hi-.it  «jf  alkiili  clilontlc  upon  the  eovpr-Rlaafc 
To  dctcmiiiio  thin,  the  Jilus.s  t-jRcther  wHh  tht-  (i<']«iwt  in  weighed,  then  th« 
u  wa^icd,  tlTKtl.  nnd  nsain  wtiglicd;  tlie  cSiff'^rrmt"  brtw«-<'ii  llie  two 
Sjliti  TepresenU  the  Binourit  of  nlknli  fliloridp.  This  Tarely  aniuunU  to 
more  tlian  a  fraction  of  a  niillJKriiiii,  "lid  if  ttii;  ignjuon  v,a»  perConued  with 
wre,  lh«ro  will  bo  uo  ilcposit  at  all  upoa  tho  glaat. 
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In  one  portion  the  cUoride-cUorinc  is  determined  by  precipita- 
tion witK  silver  nitrate.  In  a  second  sample  the  chlorate  and 
:hloriile"chlorine  are  determined  after  tho  former  has  been  reducetl 
to  chloride  by  means  of  ferrous  sulphate.  The  total  amount 
of  chlorine  present  is  determined  in  a  third  portion  after  iguitiou 
ndth  anunouium  clilohde. 


GROUP  VI. 
3DLPHUKIC.  iminOFLrORIO,  AND    HYDROFLUOSILICIC  ACIDS. 

Sulphuric  Acid,  H^SO,.    Mol.  Wt.  &S.09, 
Form;  Barium  Sulphate,  BaSO,. 

Theorptically  the  gravimetric  determination  of  Rulphiiric  acid 
is  extremely  niiiiplc,  it  being  only  necessary  to  precipitate  with 
barium  chloride,  filter  and  weigh  the  barium  .■sulphate.  Prac- 
tically, however,  it  ia  a  process  connected  with  many  difficulties. 

According  to  the  nianncr  of  precipitating  barium  sulphate, 
the  composition  of  the  precipitate  varies  in  such  a  way  that  some- 
timcj)  the  results  arc  loo  high  and  sometimes  too  low. 

Errors  which  may  Occur  in  the  Precipitation  of  Barium  Sulphate.* 
/.  in  the  PrecipUaiion  of  Barium  CkloriAe  mth  Pure  Sulphuric  Acid. 

If  a  dilute,  slightly  aeid  solvitiou  of  barium  chloride  is  treated 
at  the  boiling  temperature  with  an.  excess  of  dilute  sulithuric 
acid,  the  pretipitato  contains  »1]  of  the  barium  except  a  very  ninall, 
negligible  amount.  If,  however,  the  precipitate  in  weighed,  tho 
rcjjult  33  invariably  too  low;  and  this  is  true  even  when  the  solution 
is  evaporated  to  dryness  in  order  to  recover  the  but  traces  of 
banum.  The  precipitate  always  contains  barium  chloride  in  a 
form  which  cannot  be  removed  by  wfuxhing.  A  mixture,  there- 
fore, of  barium  sulphate  and  barium  chloride  \»  woiKlied,  and  as 
the  molecular  weight  of  the  latter  ta  less  than  that  of  the  former. 
the  result  mufit  be  too  low.  In  order  to  obtain  accurate  results  the 
chlorine  combined  with  barium  in  the  precipitate  must  be  replaced 

*  Sea  iku  ialereatinj;  onielo  by  M.  J.  vnn't  Kniyti  un  tho  duicrmuuitioa  of 
eiilphurir  arid  in  the  pivsmco  of  v&tidub  aalcs  which  alTuct  the  nuult.    Z.  aoal, 
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by  SO4;  and  this  is  easily  accomplished  by  moistening  the  precip- 
itate with  concentrated  sulphuric  acid,  and  heating  until  the 
excess  of  the  latter  is  removed  by  volatilization. 

Not  only  is  barium  chloride  carried  down  with  barium  sulphate, 
but  all  barium  salts  as  well,  especially  the  chlorate  and  nitrate. 
These  are,  however,  readily  changed  to  sulphate  by  the  above 
treatment  with  concentrated  sulphuric  acid.  It  is  immaterial  in 
the  estimation  of  barium  how  the  precipitation  is  effected;  whether 
the  sulphuric  acid  is  added  quickly,  or  drop  by  drop,  the  results 
are  always  the  same. 

//.  In  the  Precipitation  of  Pure  Sulphuric  acid  vnth  Barium  Chloride. 

This  is  the  reverse  process,  but  in  this  case  it  is  not  a  matter 
of  indifference  whether  the  barium  chloride  is  added  slowly,  drop 
by  drop,  or  rapidly  all  at  one  time.  In  the  first  instance,  the 
result  are  very  near  the  truth  without  applying  any  correction 
whatsoever;  in  the  latter  instance,  too  high  results  are  obtained, 
because  by  the  rapid  addition  of  the  reagent  much  more  barium 
chloride  is  carried  down  with  the  precipitate  than  when  the 
reagent  is  added  very  slowly. 

To  obtain  the  true  weight  of  barium  sulphate,  it  is  often 
necessary  to  make  a  deduction  for  the  amount  of  barium  chloride 
contained  in  the  precipitate  and  to  add  the  weight  of  barium 
sulphate  remaining  in  solution. 

The  chlorine  contained  in  the  precipitate  can  be  determined  in 
several  different  ways. 

1.  The  precipitate  is  fused  with  four  times  as  much  pure 
sodium  carbonate,  the  melt  extracted  with  hot  water,  the  solution 
filtered,  acidified  with  nitric  acid,  and  the  chlorine  precipitated 
with  silver  nitrate  which  is  filtered  off  and  weighed.    (Cf.  p.  320.) 

2.  Still  more  accurate  is  the  process  of  Hulctt  and  Duschack  ♦ 
The  greater  part  of  the  ignited  precipitate  of  barium  sulphate  is 
placed  in  a  U-tube  of  which  one  arm  is  drawn  out  into  a  thin, 
right-angled,  gas  d('liver>'  tube.  Concentrated  sulphuric  acid  is 
ndded  to  the  precipitate  and  the  mixture  is  heated  by  placing  the 
U-tube  in  hot  water.     The  barium  sulphate  dissolves  readily  in 

*  Z.  anorg.  Cbem.,  40,  196  (1901}. 
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the  hot  concentrated  sulphuric  acid  and  the  barium  chloride 
present  is  decomposed.  In  order  to  determine  the  amount  of 
hydrochloric  acid  set  free,  a  slow  stream  of  air,  which  has  pre- 
viously passed  through  caustic  potash  solution,  is  led  through  the 
tube,  which  has  the  drawn-out  end  of  the  latter  dipping  into  a 
stout  test-tube  containing  0.01  N.  silver  nitrate  solution.  After 
two  or  two  and  one-half  hours  all  of  the  hydrochloric  acid  will  have 
been  expelled  from  the  sulphuric  acid. 

The  decomposition  apparatus  is  then  removed,  the  gas  dehvery 
tube  washed  out  with  a  little  water,  and  the  silver  remaining  in 
solution  is  determined  volumetrically  (ef.  pp.  702-05). 

For  the  determination  of  the  dissolved  barium  sulphate  the 
filtrate  from  the  first  precipitation  is  evaporated  to  dryness,* 
the  residue  moistened  with  a  few  drops  of  concentrated  hydro- 
chloric acid,  taken  up  with  water  and  the  slight  precipitate  of 
barium  sulphate  filtered  off  and  weighed. 

Calculation  of  the  true  weight  of  Barium  SidphtUe. — If  the  weight 
of  the  first  precipitate  of  crude  barium  sulphate  is  a,  the  weight 
of  the  barium  chloride  contained  in  this  precipitate,  as  deter- 
mined by  titration  of  the  amount  of  chlorine,  is  6,  and  the  amount 
of  barium  sulphate  in  solution  is  c,  then  a—b+c  represents  the 
weight  of  pure  barium  sulphate. 

Experience  has  shown,  however,  that  when  pure  sulphuric 
acid  is  precipitated  by  means  of  dilute  barium  chloride  solution 
added  drop  by  drop,  the  errors  6  and  c  are  approximately  equal 
and  counterbalance  one  another  so  that  the  weight  a  is  very  close 
to  that  of  the  pure  barium  sulphate. 

///.  In  the  Precipitation  of  Sulphates  with  Barium  Chloride. 

Here  the  relations  are  far  more  complicated  than  in  the  pre- 
cipitation of  pure  sulphuric  acid,  partly  because  the  barium 
sulphate  is  much  more  soluble  in  salt  solutions  than  in  water 
containing  a  little  acid,  and  partly  because  of  the  tendency  of 
barium  sulphate  to  occlude  not  only  barium  chloride  but  many 
other  salts  as  well.     Solutions  of  chromium  sulphate  are  either 

*  Durinft  all  such  work  care  should  be  taken  to  prevent  Bulphuiio  acid 
contamination  from  the  air  in  the  laboratory.  The  ev^tontion  should 
therefore  take  place  on  the  steam  bath  or  steam  table. 
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violet  or  green.  From  the  boiling-hot  green  solution  only  one- 
third  of  the  sulphuric  acid  is  precipitated,  the  remainder  probably 
being  present  in  the  form  of  a  complex  chromium  sulphate  cation ;  * 
on  cooling  there  is  a  tendency  for  the  green  solution  to  become 
violet  and  after  some  time  all  of  the  sulphuric  acid  is  precipitated. 
The  precipitation  of  barium  sulphate  in  the  presence  of  forric  iron 
has  been  much  studied.  In  the  boiUng  hot  solution  all  of  the 
sulphuric  acid  is  not  precipitated  and  considerable  iron  is  thrown 
down  with  the  barium  sulphate  and  furthermore  the  precipitate 
then  loses  SO3  on  ignition.  Since  ferric  oxide  weighs  much  less 
than  an  equivalent  weight  of  barium  sulphate  sometimes  the  results 
are  as  much  as  10  per  cent,  too  low.  On  the  other  hand,  Kiister 
and  Thiel,t  were  able  to  get  satisfactory  results  (1)  by  precipitating 
the  sulphuric  acid  from  such  a  solution  in  the  cold,  or  (2)  by 
slowly  adding  the  ferric  chloride  and  sulphuric  acid  solution  to  the 
hot  solution  of  barium  chloride,  or  (3)  by  precipitating  the  iron 
by  an  excess  of  ammonia,  heating,  and  adding  barium  chloride  to 
the  solution  without  filtering  off  the  ferric  hydroxide,  and  finally 
dissolving  the  latter  in  dilute  hydrochloric  acid. 

Most  chemists,  however,  deem  it  advisable  to  remove  trivalent 
metals  before  attempting  to  determine  the  sulphuric  acid.  This 
is  accompHshcd  in  the  case  of  ferric  iron  by  adding  a  liberal 
excess  of  ammonia  to  the  dilute  slightly  acid  solution  which  is  at  a 
temperature  of  about  70°.  If  from  5-7  e.c.  of  concentrated 
ammonia  (sp.  gr.  0.90)  is  added  in  excess  of  the  amount  required 
for  neutralization,!  the  precipitate  is  not  likely  to  contain  any 
basic  ferric  sulphate.  If,  on  the  other  hand,  the  solution  is  barely 
neutrahzed  with  ammonia,  the  precipitate  produced  will  invariably 
contain  some  sulphate. 

The  bivalent  metals  are  occluded  to  a  much  less  extent,  so 
that  it  is  not,  as  a  rule,  necessary  to  remove  them.  On  the  other 
hand,  in  the  presence  of  considerable  amounts  of  bivalent  metal 
with  relatively  small  amounts  of  sulphuric  acid,  the  error  arising 
from  occlusion  is  likely  to  be  largo,  so  that  it  is  better  to  remove 
the  bivalent  metals  in  all  such  cases. 

♦  Recoura,  Comptea  ren<)u9,  113,  857;    114,  477. 

t  Z.  anor^.  Chem.,  22,  424. 

X  Pattinaoa,  J.  Soc.  Chem.  lad.,  24,  7. 
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In  thn  presence  of  nitric  or  chloric  acid  the  barium  sulphat* 
precipitate  will  contain  constdorabk  quaniitiPS  of  barium  chloraW 
and  nitrate  which  it  is  impn.ssihlf  to  rr-movo  by  wiwhing  with  hot 
water.  Thosr  acids,  thrrcforc,  munt  be  dopomposcd  by  evapora- 
tion with  hydrochloric  acid  before  attempting  to  precipitate  the 
Hulphuric  arid. 

In  ordinar}'  chemical  practice  it  ia  usually  a  question  of  deter- 
mining Ridphuric  acid  in  a  solution  containing  considerable 
amounts  of  ammonium  or  alkali  chloride,  ammonium  or  alkali 
sulphate,  anil  some  free  hydroi-hlorie  acid.  Now  ammonium  and 
alkali  sulphates  are  tCisa  occluded  by  barium  sulphate,  and  the 
amount  of  occulsion  incrca.ses  aa  the  solution  is  more  concentrated 
with  respect  to  these  substances.  For  this  reason  it  is  evident 
that  barium  sulphate  should  always  be  precipitated  in  a  very 
dilute  solution.  Furthermore,  a  small  amount  of  free  hydrochloric 
acid  is  indispensable,  but  larger  amounts  have  b  solvent  effect  upon 
the  precipitate. 

For  an  amount  of  sulphuric  acid  corresponding  to  between 
1  and  2  gms.  of  barium  sulphate,  the  precipitation  should  take 
place  in  a  volume  of  between  350  and  100  c.c.  and  in  the  presence 
of  hydrarhloric  acid  amounting  to  1  ex.  of  sp.  yr.  1.17. 

If  a  tifutrai  solution  is  at  band,  it  is  diluted  to  a  volume  of 
350  c.c.  and  1  c.c.  of  concentrated  hydrochloric  acid  is  added. 

An  alkaline  solution  is  carefully  neutralized  with  hydrochloric 
acid,  using  methyl  orange  as  indicator,  I  c.c.  of  concentrated 
hydrochloric  acid  is  added  in  excess,  and  the  solution  is  diluted 
to  350  c.c. 

Finally,  in  the  case  of  an  acid  solution,  it  is  either  evaporated 
to  dr^'nesw,  the  residue  moist^^ncd  with  t  c.c.  of  concentrated 
hydrochloric  acid  and  350  c.c.  of  water  added,  or,  with  methyl 
orange  as.  indicator,  the  .solution  is  neutrnlizpd  with  ammonia, 
treatfid  with  1  c.c.  of  concentrated  hydrochloric  acid,  and  diluted 
to  350  c.c. 

After  the  solution  has  been  prepared  in  accordance  witb  the 
above  directions  it  is  ready  for  the 


Precipitatiim  of  Sufphunc  Acid  m  (Af  /*u<t".i  •-,!    [mmt'nmin  <n 
Alkali  Sails  titronliitii  to  i:'    UmU  it«if  //     Ht''^' 

The  solution  is  tiivili'd  In  ImiiImi):.  uml  linn  Im  t-'U  ti  imiUii  nt 
barium  sulphate  prcc-ipittilr    III  re    nl    nniiii'il    li'tiiitMi   Htlixlli' 

aolution  are  tak(>ii,  dilulci)   In   llin  ri  ,   Itn Iitiinx   IhmIi.)   In 

boiling,  and  athU-A  n\\  ut.  nnc  tipiM>  In  llir  Iml  .'<il|i|i>ii>.  ..i.tnii  xi 
which  is  being  stirred  cnnLinpi'iU'ilv  AMi  i  llii-  '>t.liini.i<  Ici-  -toifi 
for  half  an  hour,  ]>t:nl  in  a  wdiin  [(l)i«  »■■,  il  i'  lill'  n  d,  '"i  !<'  <l  "tilf 
hot  water  and  ienif.ed  f'f.\>  Vt;  'I  li*  ii-*  ut  <•  hninh  •,!  yi'imi' 
crucible  U  to  b^*;  r':'-r,utttt'i<'U '\ 

Remarks. — fr.    'K*-    \,:'  ■■<  t."    of    -.m.i,.' m      -i'      •\.-     i"- 

cipitaTiO-i  o:  *..'.-  •,>.:..::.    ■■...:.■.'     !.'..'■  !■••■   ■-■    ■  ^■■  ■  ■  .     ■     . 

c^'.  r.- 1-^    T  ■.":-■.■;.'/   1     .  y  ■      1  -      ■  ■ .  >■  ....  J. 
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chloric  ftcic]  and  boiling  off  the  carbon  (iioxifle,  the  sulphuric  acid 
U  precipitated  as  usvml. 

Ivoad  sulphate  is  hoilc<l  wth  sntlivim  r.irbonate  sohitinn;  after 
cooling,  the  snhition  is  aaturaied  with  carbon  dioxide  and  filtered. 
The  lead  remains  behind  as  purbnnate,  while  the  filtrate  wHitaJnu 
an  of  the  siilphimr  acid. 

For  the  detcniiination  of  sulphurie  aei<I  in  silieates,  the  finely 
powdere<l  subsianee  Ls  fiiscd  with  six  times  as  much  sodium  car- 
bonate, the  melt  is  extracted  with  water,  the  filtrate  acidified 
with  hydfifichlorie  acid  and  evapnrHleil  to  dryueBs  in  order  to 
dehydrate  the  silica.  The  residue  it)  moistenwl  with  a  tittle 
concentrated  hydrochloric  acid,  tak<'Ti  up  in  hot.  water,  and  the 
silicic  acid  filtered  oPF;  the  sulphuric  aeid  Is  dutcrmined  in  this 
filtrate. 


Determination  of  Sulphuric  Acid  in  the  Presence  of  Soluble 

Sulphides. 

The  suliKtance  is  placed  in  a  flask,  the  air  replaced  by  carl>on 
dioxide,  dilute  hydrochloric  acid  is  added,  and  the  solution  boiled 
while  earlKHi  dioxide  \^  [laesod  through  it  until  all  of  the  sulphide 
has  been  expelled.  The  sulphuric  acid  is  then  precipitated  from 
the  solution. 

This  determination  is  used  for  tho  anaI>t>iH  nf  cements.  In 
tliis  case,  however,  the  hydroohlorio  acid  solution  will  contain 
much  calcium  as  well  as  iron  and  aluminium,  so  tliut  these  metals 
are  precipitated  by  tho  addition  of  aiiunonia  and  ammonium 
carbonato  and  the  sulphuric  acid  determined  in  the  filtrate. 

If  it  is  desired  to  dcteniiino  the  amount  of  sulphide-sulphur, 
the  substance  is  covered  with  brondne  water  until  the  color  of 
the  bromine  is  permanent,  hydrochloric  acid  is  added,  and  the 
solution  boilcl  to  expel  the  excess  of  the  bromine.  The  iron,  alu- 
minimu,aud  calcium  arc  precipitated  by  ammonia  and  anunonium 
carbonate,  and  the  tiHal  sul^ihur  is  determined  in  the  fUtrate.  1\m 
difference  between  the  two  results  represents  tlio  amount  of  sul- 
phur present  as  sulphide.  For  th«  volumetric  detenuiimtioQ 
of  sulphuric  acid  consult  Part  IL 
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Hydrofluoric  Acid,  HF.    MoL  Wt.  20.01. 

Forms:  Calcium  Fluoride,  CaF,;  Silicon  Fluoride,  SIF^,  besides 
volumetric  and  gasometric  methods. 

I.  Detennination  as  Calcium  Fluoride. 

If  'Uie  solution  contains  free  hydrofluoric  acid  or  an  acid  fluoride, 
sodium  carbonate  is  added  until  the  reaction  is  alkaline  and  from 
one-fourth  to  one-fifth  as  much  more  in  excess.*  To  solutions  of  neu- 
tral fluorides  about  1  c.c.  of  double-normal  sodium  carbonate  solution 
is  added.  The  alkaline  solution  is  heated  to  boiling,  precipitated 
by  means  of  an  excess  of  calcium  chloride  solution,  filtered,  and 
thoroughly  washed  with  hot  water.  The  precipitate  consisting  of  the 
fluoride  and  carbonate  of  calcium  is  dried,  as  much  of  it  as  possible 
is  transferred  to  a  platinum  crucible,  the  aah  of  the  filter  is  added, 
and  the  contents  of  the  crucible  are  ignited.f  After  cooling,  the 
mass  is  covered  with  an  excess  of  dilute  acetic  acid,  by  which  the 
lime  is  changed  to  the  soluble  acetate,  while  the  fluoride  is  unaf- 
fected. The  mixture  is  evaporated  to  drj-ness  on  the  water-bath, 
the  residue  is  moistened  with  water  and  a  few  drops  of  6-normaI 
acetic  acid,  and  the  insoluble  calcium  fluoride  is  filtered  off,  washed, 
and  dried.!  After  transferring  as  much  of  the  dried  CaFj  to  the 
crucible  as  possible,  the  filter-paper  is  burned,  its  ash  added,  and 
after  ignition  the  crucible  is  again  weighed.  To  confirm  the  result 
the  substance  is  treated  with  a  Utile  concentrated  sulphuric  acid 
(added  cautiously),  and  after  evaporating  off  the  excess  of  the 
latter  and  once  more  igniting,  the  contents  of  the  crucible  are 
weighed  as  calcium  sulphate. 

1  gm.  CaFa  yields  1.7436  gms.  CaSO*. 

Remark. — The  results  are  usually  a  little  low  on  account  of 
the  solubiUty  of  calcium  fluoride;  100  c.c.  water  dissolves  0.0016 
gm.,  and  100  c.c.  1.5  X.  acetic  acid  dissolves  0.011  gm.  CaFa  at 
the  temperature  of  the  water  bath. 

*  By  the  addition  of  the  excess  of  sodium  carbonate  the  precipitate  of 
calduTD  fluoride  will  contain  calcium  carljonate,  and  presence  of  the  latter 
renders  the  precipitate  ca,sy  to  filter.  A  pure  precipitate  of  calcium  fluoride 
ta  so  slimy  that  the  pores  of  the  filter  become  so  clogged  that  it  is  almost 
impossible  to  complete  the  filtration. 

t  The  ignition  makes  the  CaFj  denser  and  hence  easier  to  filter. 

X  The  calcium  fluoride  is  not  volatilized  in  an  open  platinum  crucible 
Vested  over  a  Buusen  burner.  Heated  over  the  blast,  there  ia  appreciable 
roIatUiiatiOB 
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Example:  Determination  of  Fluorine  in  Calcium  Fluoride. — 
As  was  stated  in  Vol.  I,  CaFj  is  not  completely  decomposed  by 
fusing  with  sodium  carbonate;  but  if  the  fluoride  is  mixed  with 
2i  times  as  much  silicic  acid  and  then  fused  with  6  times  aa 
much  sodium-potassium  carbonate,  the  greater  part  of  the  silicic 
acid  and  all  of  the  fluorine  will  bo  changed  to  soluble  alkali 
salts,  while  the  calcium  will  be  left  as  insoluble  calcium  carbonate. 
The  mixture  must  be  heated  gradually  (best  in  a  platinum  dish), 
as  otherwise  the  evolution  of  carbon  <lioxide  may  cause  the 
melt  to  boil  over.  The  thin  liquid  fusion  soon  changes  to  a 
thick  paste  or  only  sinters  somewhat.  On  raising  the  tempera^ 
turu,  it  is  almost  impossible  to  further  melt  this  mass,  and  it  is 
not  necessary.  In  fact  too  high  a  temperature  is  to  be  avoided  on 
account  of  the  danger  of  losing  some  alkali  Quoride  by  volatiliza- 
tion. The  reaction  is  complete  when  there  is  no  further  evolution 
of  carbon  dioxide.  After  cooling,  the  melt  is  treated  with  water, 
the  insoluble  residue  is  filtered  o£f  and  thoroughly  washed.  The 
alkaline  solution  containing  all  the  fluorine  and  considerable 
eilicic  acid  is  freed  from  the  latter  by  the  addition  of  considerable 
ammonium  carbonate  *  (about  4  gms.  of  the  solid  salt).  The 
liquid  is  heated  for  some  limt  at  about  40°  C,  allowed  to  stand 
overnight,  and  in  the  moniing  the  voluminous  precipitate  is 
&ltered  off  and  washed  with  ammonium  carbonate  water  (puro 
water  will  give  a  turbid  filtrate).  The  filtrate  now  contains 
only  a  smalt  amount  of  silicic  acid.  It  is  evaporated  almost  to 
dryness  on  the  water-bath, f  diluted  with  a  little  water  and  a 
few  drops  of  phenolphthalein  are  added.  Tl;e  liquid  is  colored 
pink  by  the  indicator  and  enough  hydrochloric  acid  is  now  added 
to  make  it  colorless.  The  solution  is  heated  to  boiling,  and  this 
causes  the  reappcamnce  of  the  pink  color.  After  cooling  the  color 
is  again  discharged  with  hy<]rochloric  acid,  and  this  oi>eration 
is  re]>eated  until  finally  the  addition  of  l-lj  c.c.  of  double- 
QOrroal  hydrochloric  acid  is  sufficient  to  effect  the  decolorization. 

*  Before  adding  the  afflmoninm  carbonnte,  the  greater  part  of  the  alkali 
carbottate  should  be  neuLralized  with  dilute  hydrochloric  acid,  but  care 
fhuiiid  he  tjiken  not  lo  maku  the  suhitEon  acid. 

t  I'be  liquid  foams  during  tho  evaporation  owinR  to  the  deeompositian 
of  tlic  cxrces  vt  uiuuionium  curt>orLuLcr;  thu  cvu|x>r&tiag-diah  is  covered  witll 
B  watch-|dan  tutit  the  evolution  of  carbon  dinxide  ceoses. 
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It  is  best  to  perform  the  operation  in  a  platinum  dish,  but  if  this 
is  lacking  one  of  porcelain  may  be  used. 

The  solution  still  contains  traces  of  silicic  acid,  which  are  re- 
moved, as  recommended  by  Berzelius,  as  follows :  The  solution  is 
treated  with  1  or  2  c.c.  of  ammoniacal  zinc  oxide  solution,* 
boiled  until  the  ammonia  is  completely  expelled  and  the  precipi- 
tate of  zinc  silicate  and  oxide  is  filtered  and  washed  with  water. 
An  excess  of  calcium  chloride  is  added  to  the  filtrate  and  the  re- 
sulting precipitate',  consisting  of  calcium  carbonate  and  fluoride,  is 
treated  as  described  on  page  471. 

The  calcium  fluoride  finally  obtained  should  be  tested  for 
fluorine,  for  the  addition  of  calcium  chloride  will  almost  always 
cause  a  precipitation  (cf.  page  471).  which  may  consist  of  calcium 
fluoride  and  phosphate,  or  the  latter  only.  Mter  weighing  the 
precipitate,  it  is  treated  with  a  few  drops  of  concentrated  sulphuric 
acid  and  covered  with  a  watch-glass  whose  convex  surface  is 
coated  with  a  thin  layer  of  beeswax  with  a  few  hncs  scratched 
in  the  latter.  The  crucible  is  allowed  to  stand  this  way  for 
twelve  hours  at  the  ordinary  temperature.  A  little  water  is  then 
poured  upon  the  watch-glass  and  the  crucible  is  heated  over  a  tiny 
flame  until  the  vapors  of  sulphuric  acid  begin  to  be  evolved.  If 
fluorine  is  present  there  will  be  a  distinct  etching  of  the  glass 
where  the  wax  coating  was  removed. 

The  weight  of  the  calcium  fluoride  obtained  should  stand  in  the 
same  relation  to  that  of  calcium  sulphate  obtained  after  treatment 
with  concentrated  sulphuric  acid,  as 

CaF2(78.09) :  CaSOiClSG.  16). 

This  relation  does  not  hold  exactly  in  practice,  for  it  is  almost 
impossible  to  obtain  a  precipitate  of  calcium  fluoride  absolutely 
free  from  silica. 

Remark. — By  this  method  the  fluorine  present  in  all  fluorides 
can  be  determined,  e.g.,  in  topaz,  lepidolite,  crj'olite,  etc.  With 
a  silicate  containing  much  silica,  the  addition  of  silicic  acid  is 

*  Moist  zinc  oxide  is  dissolved  in  ammonia  water.  Tiie  oxide  is  best 
prepare!  by  dissolving  chemically  pure  zinc  in  hydrochloric  acid,  and  pre- 
cipitating the  zinc  with  potassium  hydroxide;  the  precipitate  is  filtered  and 
washed. 


474     GRAVIMETRIC  DETERMiNATSOS  OF  THE  METALLOIDS, 

unnecessary,  and  the  substance  is  at  once  fused  with  4-5  times 
08  much  socJiiim-potassiiim  carbonate*;  with  silicates  containing 
little  silica,  from  J-1  part  of  silicic  nri<I  is  added. 

If  the  subitaricr  contains  pliosphorir  acifl,  the  fluorine  cannot 
bcdetcnnincd  by  the  above  method,  beratisc  the  calcium  fluoride 
precipitate  i.s  then  eontaminatctl  with  calcium  phosphate.  It  is 
then  nccc^ar>-  to  effect  a 


Separation  of  Phosphoric  and  Hydrofluoric  Acids. 

The  following  method  is  thai  of  Rose  as  modified  by  tho  author 
&nd  A.  A.  Koch.*  It  is  based  upon  the  fact  that  silver  phospbatu 
is  insoluble  in  water  whereas  silver  fluoride  is  soluble. 

pTocedure. — The  alkaline  solution  of  the  two  aciUsf  is  carefully 
neutralized  with  nitric  acid  and  then  transferred  to  a  250  c.c. 
calibrated  flask.  A  alight  excess  of  silver  nitrate  is  added,  tho 
solution  diluted  to  the  mark,  thoroughly  mixed  and  the  precipitate 
allowetl  to  settle  completely.  The  solution  Is  then  fdtered  through 
a  drj-  filter,  but  the  first  10  c.c.  of  the  filtrate  are  rejected,  and  the 
rest  allowed  to  run  into  a  dry  flaak.  Of  this  filtrate,  exactly 
200  c.c.  are  transferred  to  a  2^0-c.c.  flask  again,  the  excess  of  the 
silver  nitrate  precipitated  by  the  addition  of  some  dissolved 
sodium  chloride,  the  solullon  made  up  to  the  mark,  well  shaken 
and  the  precipitate  allowed  to  settle  completely.  This  solution  is 
filtered,  using  the  same  prcrautions  as  before,  and  the  lluorine  is 
determined  in  200  c.c.  of  the  filtrate  as  calcium  fluoride  according 
to  the  directions  on  p.  471.  i 

If  the  weight  of  the  calcium  fluoride  precipitate  is  p,  that  of 
the  original  substance  is  a,  and  x  is  the  per  cent,  of  fluorine  origi- 
nally present,  then  allowing  for  the  fact  that  only  04  i>er  cent  ol 
the  original  sample  was  used  for  the  final  prccipitaliou, 

76.05p  ,   _ 
^=per  cent.  r. 

•Z.  aul.  Chem.,  «,  Am  {1904). 

t  It  ni  usually  a  matter  of  analyiing  un  aqueous  solution  of  a  sodium 
Cftrl)on&t«  fusion.  Id  the  lumlytiiH  of  rocks,  the  pmcedure  describrd  on  page 
472  should  be  followed  until  tho  silicic  acid  is  nmovvd  by  treatmvot  vritli  aio* 
moniuni  carbuoate. 
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Determination  as  Silicon  Fluoride. 

This  method,  proposed  by  Fresenius,  depends  upon  the  fact 
that  many  fluorides  are  decomposed  by  the  action  of  concentrated 
sulphuric  acid  and  silica,  while  the  fluorine  escapes  as  silicon 
fluoride,  which  can  be  absorbed  and  weighed. 

Procedure. — ^The  same  reagents  and  a  very  similar  apparatus 
to  that  described  on  p.  477  is  required  for  this  determination, 
except  that  in  place  of  the  P61igot  tubes  (Fig.  80)  two  weighed 
XJ-tubes  are  used,*  of  which  the  first  is  filled  with  moistened  pieces 
of  pumice,  and  the  second  has  one  arm  filled  with  soda  lime  and 
the  other  with  calcium  chloride.  The  analysis  ia  carried  out  in 
exactly  the  same  way  as  is  described  for  the  Penfield  method 
(see  below)  but  at  the  end  of  the  experiment  the  two  U-tubes  are 
weighed.  The  increase  in  weight  represents  the  amount  of  SiF4, 
and  from  this  the  amount  of  fluorine  present  is  calculated  as 
follows:  Assume  that  a  gms.  of  calcium  fluoride  yielded  p  gms. 
of  SiF^.  The  treatment  with  the  concentrated  sulphuric  acid 
caused  the  following  reaction  to  take  place: 

2CaF,+  2H^0.+  SiO, =2CaS0,+  2H,0+  SiF^, 
consequently  the  following  proportion  holds: 

SiF^:4F=p:s 


and  in  per  cent. 


x= 
m 


■HTTT  ■p=gms.  fluorine 
4F 

400F    p 


SiF^     a 
x=72.S7- -  =  pcr  cent,  fluorine. 


•  It  ifl  beat  to  use  U-tubca  for  the   absorption  which  are  provided  with 
ground-glass  stoppers  (see  Fig.  59,  p.  381). 


p 
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Remark. — This  methoil  is  suitalilc  for  the  ilctcrniination  of 
fluorine  in  all  fluorides  which  are  d'C<;ompn8cd  by  sulphuric  acid. 
The  analysis  can  he  carriod  out  in  tho  presence  of  phosphates,  but 
if  carbonates  are  present  they  should  be  decomposed  by  ignition 
before  the  treatment  with  sulphuric  acid.  According  to  K. 
Danifl.*  exact  results  are  obtained  only  when  the  ilcoomposition 
of  the  fluoride  takes  placo  at  the  temperature  at  which  sulphuric 
acid  boils. 

For  the  determination  of  fluorine  in  topaz  and  micaa,  the 
method  is  not  suitable. 

Detennination  of  Fluorine  as  Hydrofluosilicic  Acid,  according 
to  S.  L.  Penfield.t 

Modified  by  Tretuiwell  and  KocLX 


Principle. — Penfield  expels  the  fluorine  as  eilicon  Uuorido  in 
e3cactly  the  same  way  as  in  the  method  of  Freseiiius  (page  475), 
but  the  gas  is  absorbeil  in  50  per  cent,  alcoholic  pntassium  chloride 
solution.  By  contact  with  water  the  silicon  fluoridi!  is  tlwompoKod 
into  hydrofluosilicic  and  silicic  acids.  The  former  unites  with  the 
potassium  chloride,  forming  potassium  silicofluoride,  insoluble  in 
50  per  cent,  alcohol; 

H,SiF,+  2KC1=  Iv;5iF,+  2HCU 

and  sets  free  an  equivalent  amount  of  hydrochloric  acid;  the 
latter  is  titrated  with  N;'5  sodium  hydroxide  solution,  with 
cochineal  is  an  indicator.  For  the  calculation  the  following  j>ro- 
portiorv  holds: 

lOOP  CO.  K/S  HCI  =  i>  mol  CaF,=  JF. 
.-.    1  C.C.  N/5  NaOH  =  0.0234  gtn.  CaF,  or  O.OIH  gra.  F. 


•Z.  «norg.  Cbem.,  38,  357  (1904). 

t  Chwn.  News,  3M,  p.  170;  also  ,^io,  Cbem.  Jour.j  1,  p.  27. 

*  Z.  wuU.  Cbom.,  43.  40»  (mCM). 
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Requirement. — 1.  Pure  Quartz  Powder.  Pieces  of  pure  rock 
cr>'8tal  are  placed  in  a  platinum  rruoible.  heated  strongly  over  the 
blast  lamp,  and  then  thrown  into  coM  water.  After  this  treatment 
it  is  very  easy  to  reduce  the  ijuartz  to  a  tine  powder  by  finding  in 
■n  agate  mortar.  The  [wwdor  is  iKniteiJ.  and  while  still  warm  is 
iran«ferrrd  to  a  flask,  fittwl  with  t;round-gla8s  stopper.  The  open 
flask  and  lis  contents  are  allowed  to  cool  in  a  desiccator,  after 
whirh  the  flask  is  stoppered  and  set  aaide. 

2.  Sea  Snnd.  The  purest  sea  .sand  is  trpftt^?d  with  boiling, 
concentrated  sulphuric  acid,  wa.shed,  dried^  ignited,  and  cooled 
in  a  desiccator. 

3.  Anhydrous  Sulphuric  Arid.  Chemically  pure  concentrated 
sulphuric  acid  ia  heated  in  a  porcelain  crucible-  until  it  has  fumed 
strongly  for  some  time  and  then  allowed  to  cool  in  a  desiccator 
over  phosphorus  pentoxide. 

Procedure. — The  weighed  sample  of  the  fluoride  13  intimately 
mixed  in  an  agate  mortar,  which  ia  placed  upon  black  glazed  paper, 
with  1.5-2  gms.  of  the  quartz  powder  and  then  transferred  through 
the  cylindrical  arm  A  of  the  perfectly  dry  decomposition  apparatus 
to  the  pear-shaped  compartment  B  shown  in  Fig.  SO.  Then 
1.5-2  gms.  of  the  sea  sand  are  added,  and  mixed  with  the  rest  of 
the  materia!  by  jiliaking  the  apparatus,  which  is  then  conm>ct«d 
with  the  dry  U-tube  containing  glass  beads.  The  two  P^ligot 
tubes  P  and  Pi  each  contain  between  10  and  15  c.c.  of  alcohol 
which  13  saturated  with  potassium  chloride.  \^Tien  the  apparatus 
is  all  connected  an  mIiowu  in  the  drawing,  a  dry  current  of  air,t 
free  from  carbon  diu.\idv,  is  allowed  to  enter  at  A,  and  pass  through 
thp  apparatus  at  the  rate  of  2  or  3  bubbles  per  second.  Then 
without  stopping  the  air  current,  about  20  c.r.  of  anhydrous  sul- 
phuric arid  is  alloweei  to  enter  the  decomposition  apparatus 
through  the  funnel  T.  Hy  introducing  the  sulphuric  neid  in  this 
way,  while  maintaining  the  air  current,  the  sulphuric  acid  and  the 

•Thia  tuljo  oervw  to  keep  back  aay  sulphuric  ncid  that  l9  tairitd  ovce 
mKhanimily. 

tTh«  wr  is  ptuHod  through  caustic  potash  ftolmloa,  theo  overcotfium 
eliloride,  anH  linally  tbrgugh  coacontrat«d  wilphuric  acid  befora  «Dtering 
Uw  Apporatiu. 
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greater  part  of  the  silica  and  fluoride  mLxturc  \s  made  to  pass 
directly  into  the  compartment  B.  After  adding  the  sulpliuric  acid, 
the  decomposition  vessel  is  placed  in  a  paraffin  bath  which  ta 
slowly  heated  to  a  temperature  of  laO"  to  140°  C.  The  evolution 
of  silicou  tetrafluoride  at  once  begins  to  take  place,  as  is  evident 
from  the  fonuation  of  foam.  The  passage  of  the  air  and  heating 
of  the  bath  is  allowed  to  continue  fur  five  hours,  at  the  end  of 
which  time  the  fiamo  under  the  bath  is  turned  down  and  air  is 
passed  through  the  apparatus  for  half  an  hour  lunger  at  the  rate 


£i*H 


JiQ.  SO. 


of  3  to  4  bubbles  per  second.  During  the  heating  the  apparatus 
should  be  frequently  shaken  in  order  that  the  sulphuric  acid  is 
brought  into  contact  with  all  portions  of  the  solid  mixture.  It  is 
not  neceasarj',  however,  with  this  arriingement  of  the  apparatus, 
to  shake  as  frequently  as  in  the  forms  of  apparatus  described  by 
Penfield  and  by  Freaemus,  because  the  air  in  its  passage  through 
the  norrow  connecting  tube  between  A  and  B  of  the  decomjiosition 
apparatus  serves  of  itself  to  effect  a  good  mixing.  In  order  to 
accomplish  this  end,  however,  it  is  nccessorj*  to  construct  tho 
apparatus  exactly  as  shown  in  Fig.  MO;    the  connecting  tube 
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bet»em  A  »ad  B  mnt  fa*  n  namnr  ttat  it  is  eampkidy  filled 
with  Uwbid»faleBafurpaanft  And  furtfacrniantbe  puts  nuriwU 
c  «  A  must  fona  aa  iadnad  {Jane  upon  which  the  aibetanctr  can 
RadSy  paas  faadc  and  forth.  If  there  is  a  boQow  in  the  apfiantus 
at  e  e  6,  in  which  nme  of  the  gahetance  can  coDecl,  tbe  sulphum 
acid  may  not  come  in  contact  with  aoaK  of  the  fluoride  so  that  tha 
decocnpoeiticn  will  be  incooipiete.  Smilaxl}'  it  is  ncceaaaiy  tp 
gnard  against  makfne  the  comecting  tube  e  t  too  narrow,  as  other- 
wise the  air  will  not  pas  in  a  nuform  streani.  but  in  spuria,  ao 
that  in  «ptte  of  the  long  tube  D  tama  of  the  sulphuric  add  fumea 
are  Ukely  to  reach  the  Pdigot  tabes  uid  thereby  give  rtie  to  hi^ 
reaulla. 

If  not  vaoxtt  than  0.1  cm.  tl  the  flaofide  waa  preaent,  the  action 
ia  over  at  the  end  of  five  aad  oae^ialf  houra,  and  thia  is  evident,  aa 
Daniel  *  waa  the  fint  to  (fiseovcr,  from  the  fart  that  the  foaming 
in  the  apparatus  ctaeea;  the  hrdroddoric  acid  which  has  been  set 
Ave  in  the  Pf>li^t  tubes  can  now  be  titrated.  To  this  end  a  few 
drops  of  fresh  cochineal  f  solution  are  added  to  each  tube  and  the 
contents  are  titrated  with  fifth-tuinnal  potassium  hydraxitle 
solution  with  frequent  shaking,  until  the  indicator  changes  from 
yeDow  to  red.  This  is,  however,  by  no  mean-i  the  correct  cnd- 
polnt,  because  as  Pea6cld  ob«er\*cd,  the  geJatinous  silicic  add 
cnelosea  very  appreciable  amounts  of  hydrochloric  acid.  The 
silicic  acid,  therefore,  must  be  thomufchly  worke^l  over  with  a 
stirring  rod  and  the  addition  (^  the  alkidi  continued  until  the 
color  change  is  pcrmiu>ent. 

The  results  obtained  hy  this  mctbo<t,  using  0. 1  gm.  of  substance, 
a|q»ear  to  be  about  0.4  per  cent,  too  high.  The  method  can  be 
uaed  in  the  presence  of  pho.<iphorir  acid,  but  carbonates  are  uiat 
remoTcd  by  ignition  before  the  treatment  with  sulphuric 
add. 


•Z.  aiMrg.Clwm.,  SS.  257  <IWH). 

t  XmUmd  at  eorhineaJ,  methyl  onufe  augr  fas  Ufnl.  although  it  b  ocaa- 
mtj  ibco  to  add  aa  equal  volume  cf  ataohd  brfote  tiUMinf  tba  hydio- 
dilaneaod. 


I 
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Determination  of  Fluorine  in  Mineral  Waters. 


r 


From  1  to  10  liters  of  the  water  (according  to  the  amount  of 
Bftlta  present)  are  evaporatctl  in  a  hirgc  platinum  or  porcelain 
dish  to  a  small  volume,  with  the  addition  of  enough  sodium 
carbonate  to  keep  the  solution  slightly  alkaline.  Then  an  excesa 
of  calcium  chloride  is  added,  the  liquid  boiled,  and  the  precipitate 
filtered  and  washed  with  hot  water  until  free  from  chlorides.  The 
precipitate  is  dried,  transferred  as  eompletcly  aa  possible  to  a 
platinum  dish,  and  the  ash  of  the  filter  added  to  the  main  precipitate 
which  is  then  gently  ignited.  This  residue  contain.**  all  of  the 
fluorine  as  calcium  fluoride;  besides  considerable  calcium  (possible 
strontium)  and  magnesium  carbonates;  Iron,  aluminium  and 
manganese  oxides;  often  barium  sulphate;  and  almost  invariably 
Bome  calcium  phosphate.  It  ia  Ircoted  with  an  excess  of  dilute 
acetic  acid,  allowed  to  stand  for  some  time  with  frequent  stirring, 
and  then  evaporated  to  drj'ness  on  the  water  bath.  This  residue 
is  treated  with  water,  filtered,  and  washed  with  hot  water.  As 
much  of  it  as  possible  is  tranaft-rred  to  a  plutiuum  crucible,  the 
ash  of  the  filter  added,  ami  the  contents  of  the  crucible  gently 
ignited,  l-'i-om  J-2  gms.  of  ignited  ciuart«  powder  arc  then 
intitimtc-ly  mixed  with  the  residue  in  an  agate  luortar.  The 
mixture  is  transferred  to  the  decomposition  vessel  A,  Fig.  80, 
and  treated  with  concentrated  sulphuric  acid  exactly  as  described 
on  p.  477  by  the  method  of  Pcnficld.  As  only  verj*  little  fluorine 
is  present  in  this  case,  two  small  U-tubes  are  used  instead  of  the 
large  Peligot  tubes  shown  in  Fig.  SO. 

Hevtark. — The  formation  of  a  precipitate  in  the  first  IJ-tube 
at  the  place  marked  a  a  in  Fig.  SO  indicates  the  presence  of  fluorine. 
It  U  well  to  confirm  it  by  the  etching-test,  After  carrying  out  the 
titration  of  the  hydrochloric  acid  set  free,  the  contents  of  the  U-tube 
are  transferred  to  a  platinum  dish,  a  few  drops  of  double  normal 
eodiura  carbonate  added,  and  the  solution  evaporated  to  dryness. 
Animouittcal  rinc  o.xlde  is  then  added  (cf.  p.  473),  the  liquid  agiua 
removed  by  evaporation,  the  residue  lakcu  up  in  water,  and  the 
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sine  oxide  and  silicate  filtered  off.  The  filtrate  ia  treated  with 
calcium  chloride  as  described  on  p.  473  and  the  etching  test 
applied. 

In  the  former  editions  of  this  book  it  was  recommended  to 
detennine  the  fluorine  in  mineral  waters  by  evaporating  a  very 
much  larger  volume  of  the  water  nearly  to  dryness,  filtering,  and 
then  examining  the  insoluble  residue  alone  for  fluorine.  In  this 
way  the  fluorine  content  of  many  mineral  waters  was  entirely 
overlooked. 


Gas-Volumetric  Determination  of  Fluorine  according  to  Hempel 

and  OetteL 

See  Fart  IIJ,  Gas  Analysis. 


Separation  of  Fluorine. 

(a)  From  the  Metals. 

For  the  determination  of  the  metals  present,  the  fluorine  usually 
can  be  removed  by  heating  with  concentrated  sulphuric  acid; 
in  the  case  of  many  silicates  containing  fluorine,  however,  e.g., 
topas,  lepidolite.  and  other  micas,  this  treatment  will  not  accom- 
plish the  desired  result.  In  such  cases  the  mineral  is  fused  with  4  to 
6  times  as  much  sodium-potassium  carbonate,  the  melt  is  extracted 
with  water,  the  silica  and  aluminium  precipitated  from  the  solu- 
tion obtained  by  means  of  ammonium  carbonate  (see  page  472). 
and  these  two  substances  determined  in  the  residue,  while  the  filtrate 
ia  used  for  the  fluorine  analysis.  The  metals  and  the  remainder  of 
the  ulicic  acid  are  determined  in  the  residue  obtained  on  extracting 
the  melt  with  water  (cf.  p.  493).  The  estimation  of  the  alkalies 
must  be  imdertaken  in  a  separate  portion  of  the  substance  (pp. 
497-501). 
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(&}  Separatioo  of  Fluorine  from  the  Acids. 

I.  Determination  of  ffydrackloric  and  Fltjdrojlitorie  Acid9  in  the 
Presence  of  One  Another, 


f 


In  the  case  of  soliiblo  alkali  salts,  the  fluoriTie  is  first  pre- 
cipitated from  the  solution  by  means  of  a  little  sodium  car- 
bonate and  an  excoss  of  calcium  nitrate  solution,  as  described  on 
p.  471.  The  filtrate  is  ncidjfipd  with  nitric  acid  and  tbe  chlorine 
determined  by  precipitation  with  silver  nitrate,  according  to 
p.  320. 

It  is  simpler  to  treat  the  solution  containing  hydrochloric  and 
hydrofluoric  acids  in  a  platinum  evaporating  dish  with  nitric  acid 
and  silver  nitrate.  Silver  chloride  ts  alone  precipitated  and  can 
be  filtered  off,  uaing  a  funnel  of  hard  rubber,  or  a  glass  one  coated 
over  with  wax.  The  precipitate  is  washed  and  weighed  a» 
described  on  p.  320.  When  pliosphoric  acid  also  is  present,  this 
is  precipitated  with  the  hydrochloric  acid  by  the!  addition  of 
silver  nitrate  to  the  slightly  alkaline  solution,  the  precipitate 
is  filtered  off,  -washed  with  as  little  cold  water  as  possible,  and 
the  precipitate  treated  with  dilute  ritrir  acid.  Hy  this  means 
the  silver  phosphate  goes  into  solution,  while  the  silver  chloride 
is  unaffected.  In  order  to  dct^miinp  the  amount  of  phosphoric 
arid  present,  the  silver  is  removed  from  the  solution  by  the 
addition  of  hydrochloric  acid,  and  the  phosphoric  acid  is 
precipitated  in  the  Qltrate  by  addition  of  magnesia  mixture  and 
ammonia  (cf.  p.  434). 

In  the  filtrate  from  the  ailver  phosphate  and  silver  chloride 
precipitate,  the  excess  of  silver  nitrate  is  removed  by  the  addi- 
tion of  sodium  chloride  and  the  fluorine  is  determined  as  calcium 
fluoride. 

In  the  case  of  an  insoluble  compound  containing  chlorine 
and  fluorine,  the  melt  obtained  after  fusing  with  aodiura- 
potassiuni  carbonate  is  extracted  with  water,  the  .'ulica  is  removed 
with  ammonium  carbonate  and   zinc-ammonium  hydroxide   as 
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described  on  pp.  ^72-3,  and  the  chlorine  and  fluorine  determined 
as  above. 

In  a  majority  of  cases  it  is  more  convenient  to  determine  the 
two  acids  in  separate  portions  of  the  substance. 

2.  Determinalion  of  Boric  and  Hydrofluoric  Acids. 

The  solution  containing  the  alkali  salts  of  these  two  acids  is 
predpitated  at  the  boiling  temperature  by  means  of  an  excess  of 
calcium  chloride ;  the  precipitate  is  filtered  off  and  washed  with 
hot  water. 

The  precipitate,  consisting  of  calcium  carbonate,  ealcimn 
fluoride,  and  some  calcium  borate,  is  gently  ignited,  treated  with 
dilute  acetic  acid,  evaporated  to  dryness,  and  more  acetic  acid  and 
water  are  added.  By  this  means  the  calcium  acetate  and  cal- 
dum  borate  go  into  solution,  while  the  calcium  fluoride  is  left 
behind  and  is  determined  as  described  on  p.  471.  For  the  boric 
acid  determination  a  second  portion  of  the  solution  is  taken, 
made  barely  acid  with  acetic  acid,  and  treated  with  a  slight 
excess  of  calcium  acetate  solution  in  order  to  precipitate  the 
fluorine.  The  solution,  together  with  the  calcium  fluoride,  is 
placed  in  the  Gooch  retort  and  subjected  to  distillation  as 
described  on  p.  42S. 


Htdrofluosilicic  Acid, HjSiF,.    Uo).  Wt.  iu.32. 

Forms:  Calcium  Fluoride,  CaF^;  Potassium  Silicofluoride; 
or  volumetrically. 

I.  Determination  as  Calcium  Fluoride. 

Principle. — Alkali    fluosilicatcs    are    decomposed    on    heating 
with  sodium  carbonate  solution  into  fluoride  and  silicic  acid : 

Na,SiF, + 2NajC0,+ HjO = 6NaF + IIjSiO,+ 2C0,. 

If  a  Bohition  is  to  be  analyzed  containing  free  hydrofluosilicic 
acid  or  its  sodium  suit,  it  is  treated  with  sodium  carbonate  solu' 
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Uon  until  the  reaction  is  alkaline,  a  considerable  aTnount  of  airmo- 
oium  carbonate  b  atided,  the  solution  healed  to  about  40"  C, 
and,  after  standing  twelve  hours,  the  precipitated  silicic  acid  is 
filtered  off. 

The  solution  now  cuntuina  all  the  fluorine  as  sodium  fluoride, 
in  the  presence  of  small  amount.*  of  silicic  acid,  which  arc  pre- 
cipitated by  the  addition  of  zinc-ammonia  hydroxide  (sec  p.  473). 
In  the  filtrate  the  fluorine  is  determined  as  calcium  fluoride,  as 
described  on  p.  471. 

An  iasotublc  fliiosilicato  is  fused  with  four  timetii  as  mucti 
sodiiun-potassium  carbonate,  the  melt  extracted  with  water,  and 
the  solution  subjected  to  the  above  treatment. 

2.  Determination  as  Potassium  Silicofluoride. 

This  analysis  is  only  applicable  for  the  determination,  of  free 
hydrofluosilicic  acid  in  aqueous  sohition, 

Procedure. — The  solution  is  treated  with  potassiun'.  cWoride 
and  an  equal  volume  of  absolute  alcohol.  The  barely- visible 
potassium  silicofluoride  U  filtered  through  a  tarwl  filler  which 
Has  been  dried  at  100°  C.  After  washing  with  50  per  cent,  alcohol 
the  precipitate  is  dried  at  100"  C.  and  weighwl  aa  KjSIP',. 

The  volumetric  determination  of  hydrufluosilicic  acid  ftill  be 
discussed  in  Tart  11. 

Analysis  of  Salts  of  HydrofluosUicic  Acid. 

For  the  determination  of  the  metsl  present,  the  salt  Is  treated 
with  concentrated  sulphuric  acid  in  a  platinum  disband  heated  until 
dense  fumea  n(  sulphuric  anliydride  are  piven  off;  ailicon  fluoride 
and  hydrofluoric  acid  volatilize,  wiiiie  the  metals  are  left  behind 
as  sulphates  (cf.  Vol.  I). 

DHerminatum  oj  Water  Prcsenl  in  FluosUimtes,  iRoitc-JannoKh)* 

The  water  cannot  be  determined  by  ignition,  because  all  fluo- 
silicatcs,  even  topaz,  evolve  silicon  fluoride  when  subjected  to 
this  treatment  (cf.  Vol.  I,  p.  412).     If,  as  |miposed  by  Rose,  the 


*  Roa^Fiufcencr:    I^hrburh  dwanalyt,  Ch..  lid- II;  iinj  Jannascb,  Prak 
tiacber  LfJtfadtn  dcr  Gewicht-Analyae,  bsipaig,  Jht>7,  p.  243. 
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Bubstance  is  fused  with  six  or  eight  times  as  much  lead  oxidCf  all 
the  water  is  evolved,  while  the  fluorine  remains  behind: 

R^iF,+  3PbO=2RF+2PbF,+  PbSiO^ 

Hie  an^ysis  is  best  performed  according  to  tiie  directions  of 
Jannasch:  A  bulb  with  a  capacity  of  about  25  c.c.  is  blown  near 
one  end  of  a  tube  of  difficultly  fusible  glass  which  is  26  cm.  long 
and  1  cm.  wide.  Near  the  middle  of  the  longer  side  of  the  tube 
is  placed,  between  asbestos  plugs,  a  layer  3  to  5  cm.  long  of  pulver- 
ized, anhydrous  lead  oxide,  and  this  end  of  the  tube  is  connected 
with  two  weighed  calcium  chloride  tubes.  The  substance  is  placed 
in  tile  bulb,  after  which  six  or  eight  times  as  much  lead  oxide  is 
added  and  mixed  with  the  substance  by  carefully  revolving  the  tube. 
A  dry  current  of  air  is  now  conducted  through  the  apparatus  and 
the  contents  of  the  bulb  are  slowly  melted.  All  of  the  water  and 
often  some  of  the  fluorine  is  thereby  expelled,  and  the  latter  is 
absorbed  by  the  layer  of  lead  oxide.  At  the  end  of  the  operation 
this  layer  is  cautiously  heated  with  a  moving  flame  until  no  more 
watQ-  condenses  in  the  cooler  part  of  the  tube.  When  all  of  the 
w&tOT  has  been  driven  over  into  the  calcium  chloride  tubes  the 
latter  are  weighed  with  the  customary  precautions. 

GROUP  vn. 

BnJlCIC  ACID  (ALSO  TITANIC,  ZIRCONIC,  TANTALIO,  AND 
NIOBIC  ACIDS). 

SIUCIC  ACID,  H,SiOj.    Mol.  Wt.  78.32. 

Form :  Silicon  Dioxide,  SiO,. 

Two  cases  must  be  considered: 

(a)  The  silicate  is  decomposed  by  acids. 

(5)  The  silicate  is  not  decomposed  by  acids. 

(a)  Silicates  Decomposed  by  Acids. 

lliese  are  treated  with  hydrochloric  acid  in  a  porcdain  dish 
■nd  evaporated  upon  the  water-bath  with  frequent  stirring  until 
the  residue  is  obtained  in  the  form  of  a  dry  powder.  In  many 
the  decomposition  is  shown  to  be  complete  by  the  fact  that 
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no  gritty  particlea  cau  be  feit  with  the  stirring-rod  on  the  bottom 
of  tho  dish,.  Ifj  however,  the  substance  coataiacd  quflil2  or  some 
sUicato  that  U  not  decoitiposotl  by  hydrochloric  aoid.  this  is  not 
the  case  and  the  procedure  described  on  p.  J07  may  be  followed. 
The  Ary  powder  is  moistpned  with  concentrated  hydrochloric 
acid  and  the  covered  dish  is  allowed  to  stand  for  10  or  at  the  moist 
20  minutes  at  the  ordinnn,-  tempemturc,  in  order  that  basic  salts 
and  oxides  formed  during  the  evaporation  and  drying  niay  be 
once  more  changed  to  chlorides.  Then  ItK)  c.c.  of  water  are 
added,  it  is  heated  to  boiling,  and  after  the  silicic  acid  has  beea 
allowed  to  settle,  the  clear  liquid  is  decanted  through  a  filter  sup- 
ported upon  a  platinum  cone  placed  in  the  apex  of  the  funnel.  The 
residue  i.«i  washed  3  or  4  times  with  hot  water  by  decantation,  then 
transferred  to  the  filter  and  washed  with  hot  water  until  free  from 
chloride*  Tho  precipitate  is  tlien  dried  by  means  of  suction, 
placed  in  a  platinum  crucililo,  and  net  aside  for  the  time  being. 
The  separation  of  tho  silicic  acid  is  now  by  no  means  quantitative; 
us  much  us  5  per  cent,  of  tho  total  amount  may  renmin  in  the 
filtrate.  In  order  to  remove  this,  the  solution  is  once  more  evap- 
orated to  dryness  on  tho  water-bath,  kept  at  this  temperature 
for  one  or  two  hours  (or  more),  moistened  with  a  few  cubic  cen- 
timeters of  concentrated  hydi-ochloric  acid,  and  allowed  to  stand 
not  more  than  fifteen  minutes.f  Hot  water  is  then  added,  the 
residue  is  filtered  through  a  new  and  correspondingly  small  filter, 
and  washed  with  hot  water.  The  amount  of  silicic  acid  now 
remaining  in  the  filtrate  amounts  to  not  more  than  0.15  per  cent. 
of  the  total  amount,  and  for  most  purposes  can  be  neglected.  It 
can  be  re:nove<l,  however,  by  a  third  evaporation  to  drj-ness. 
The  filters  containing  the  silica  are  ignited  wet  in  a  platinum 
crucible  and  finaUy  over  the  blast-lamp,  and  weighed.J  The 
silica  obtained  is  only  sliuhlly  hyeroscopic. 

•  IT  the  prwipitate  is  not  perfpctly  white,  but  sDmesvhnt  lirownish  owing 
to  the  prescnn.'  of  a  haaic  ferric  siilt,  cutHTiilniled  liyilrodtlorir  ucitl  it)  allowed 
to  ran  armirid  the  upper  edge  of  the  filttr  and  U  iiiinR't)iaU-ly  washed  down 
lhn>unli  the  funnel  by  mcftnft  of  n  strMini  ci  hot  Wfttor,  Thia  ia  rDpent^d 
until  tK«  filtrnle  i-onies  through  perfectly  colorlcu. 

t  By  be'iDg  kept  in  contuct  wilb  the  add  for  too  long  a  tltuesoiiw  ■ilicic 
acid  will  go  into  solution. 

}  With  regard  lo  llu:  tempemture  ftt  which  silica  ia  completely  dehydrated. 
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Teftting  the  Purity  of  the  Riliea. 

The  silica  thus  obtalneJ  is  never  absolutely  pure,  except  in 
the  analysis  of  a  water-glass.  Its  purity  must  bIwbj-b  be  tested. 
For  this  pur[x>se  it  is  covered  with  2  or  3  c.c.  of  water,*  a  drop  of 
concentrateil  mjlpluiric  aciil  is  adiiecl,  and  3  to  5  c.c.  of  pure  hydro- 
0uoric  flcid  (disUlle^i  from  a  platinum  retort),  The  crucible  is  then 
placed  in  a  platinum-Iincd  cone  (Fig.  IG,  p.  31)  on  the  water-hath 
and  evaporated  under  a  gpod  hood  ujitil  no  more  vapors  are 
expelled.  The  excess  of  sulphuric  acid  ia  then  removed  by  heat- 
ing over  a  free  flame.  The  temperature  is  raiaed  and  the  crucible 
19  finally  healwl  over  a  blast-lamp,  after  which  it  is  again  weighed. 
This  process  is  repeated  until  the  contents  of  the  crucible  (usually 
AljOj  and  I'e-jOa)  are  at  a  constant  weight,  and  thia  amount  is 
dethictcd  from  the  weight  of  impure  silica. 

Remark. — In  order  to  make  the  separation  of  silicic  acid  mors 
nearly  quantitative  it  has  been  proposed  tu  heat  the  residue 
obtained  by  evaporation  at  1I0°-120°  C.f  This  hasU^us  the 
dehydration,  but  the  temperature  of  12(P  should  not  be 
exceeded  on  arrount  of  the  danger  of  the  silicic  acid  being 
contaminated  with  basic  saltn,  and  because  of  the  tendency  for 

thiTp  i*  n  difTcrfin'e  of  npimnn.  I.unpe  Mtid  MiUhers  (Zeit.  f.  Bngew.  Chcm,, 
{1-97),  p,  4"J.'il  -InN-  tliiit  tlte  tfiniM-nilim'  cif  llie  Duiinpn  Imnw^r  vt  HufFinent, 
but  they  operated  with  silicu  cliUiined  by  ttie  hydrolyiitB  of  siUron  t«tra- 
ehluhdc,  ill  order  to  obtain  n  produ<.'t  nl>M<lut«ly  free  from  alkalie*.  Hillc- 
brand  (Am.  Chom.  Soc.  XXIV  (1002),  p.  362)  roiifimicd  tho  rtaultii 
of  Lunge  and  Millhcrfc  with  rc^Anl  to  the  iKnitioa  of  u  nlicA  filitAined 
la  thiawfly.  but  pnsitivHyB»vrl,i  tliot  silicic  acid  wlicn  obUiined  by  thcdctom- 
po«tion  of  Ml  alkali  ailicatc  nitli  acid  muat  be  ignitod  over  the  bUKt-bvn)|: 
in  order  to  dehydrate  it  i-omplnle.Iy.  The  remilLa  of  llilli^braiid  have  lirer 
eonfirtiipd  in  the  author""  I-ilKimtory  Ijy  A  Schrttter.  Jordiu  and  Kanter 
(Z.  ATioTH.  Chem.,  3.*r,  20  (lOO:})  )  elate  that  hydrutett  sUici  (i)ntiM  a  small 
nmuunl  of  u  clduriuv  coinpouud  witli  hyJrocldoric  acid.  This  compuiind 
ifi  clE«ompoHnd  on  hearintt  nnly  with  i^reat  difficulty,  iinlc^  it  is  tniitM)  with 
water  and  cvapomted  to  lirynnv  sevpral  tiniM.  Thi«  trcjitment  is  recom- 
niMuled  by  JordiH  and  Kanter  in  all  accurate  ailica  determioationji. 

*If  the  water  is  iiot  added,  the  iniuM  will  efTerv«»c«  no  vtroii^ly  that 
thcra  U  daitKcr  of  losinic  some  of  the  irnpiiru  tiilica. 

t  James  P.  Gillwrt.  Tech.  Quarterly,  III.  p.  61,  and  Zolt.    Vxr   anaL 
Chem.,  XXIX  <l  001,  68&. 
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it  to  recombiiic  with  Ibe&e.*  It  is,  thereforBf  not  advisable  to 
attempt  to  dehydrate  the  silica  at  a  temperature  higher  tlian  that 
of  the  water-bath. 

(&)  Silicates  Not  Decomposed  by  Acids. 
These  must  be  fused;  this  can  be  effected  by 

(a)  The  Sodmm  CarhomUe  Method. 

One  gram  of  the  very  finely  powdered  substance  ia  placed  in 
a  spacious  platinum  crucible  together  with  4  to  6  parts  of  calcined 
sodium  carbonate  (or  a  mixture  of  equal  parts  aotUum  and  potaa- 
Kum  carbonates)  and  fused.  The  powdered  silicate  should  be 
intimately  mixed  with  the  flux  and  a  little  sodium  carbonate 
sprinkled  on  lop,  the  crucible  covered  and  heated  for  some  time 
over  a  small  flame  in  order  to  drive  out  any  moisture  present. 
The  temperature  is  mised  gradually  until  finally  the  highest  heat 
of  a  good  Teclu  bunier  is  obtained;  or,  lacking  the  latter,  a  blast- 
lamp  should  be  used.  As  soon  as  the  mass  melts  quietly  and 
there  is  no  furtlier  evolution  of  carbon  dioxide,  the  decompo- 
sition is  complete.  The  crucible  is  seized  with  a  pair  of  crucible 
tongs  having  platinimi  point*  and  placed  in  cold  water,  but  so 
that  the  water  does  not  enter  the  crucible.  By  means  of  this 
rapid  cooling  the  melt  is  usually  detached  from  the  sides  of  the 
crucible  and  can  be  removed  by  simply  turning  the  crucible  up- 
side down  and  gently  tapping  its  sides. |  The  melt  is  received 
in  a  good-sized  beaker,  covered  with  water,  a  sufBcient  quantity 
of  strong  hydrochloric  acid  is  added,  and  the  beaker  covered  with 
a  watch-glass.     A  lively  evolution  of  carbon  dioxide  at  once  takes 

•  WTion  considerable  magnmum  wa«  pri«eiit,  iiiorc  silica  was  foiuid  ta 
the  &ltrat«  after  ignititiK  at  '^^0°  iimji  when  dried  on  the  waler-bath.  This 
is  due  to  the  fact  that  magnesia  formed  Sy  hydrolj-siK  rrutiitCB  with  the  silica 
to  form  m»Knmiii[i  silienU-,  ami  thi:  lalt^r  is  decompOMd  \)ij  hydrochloric 
add  with  the  formation  of  soluhle  silicic  ot'td. 

t  InfOcad  uf  tlie  culd  water  a  blast  of  air  may  he  used,  Then,  whoo  the 
melt  ill  Btill  warm  but  not  hut  enoush  to  cause  spatteriuK,  llie  additioa  of 
water  enough  to  covor  it  will  usually  help  Ui  luuHdi  Uie  iiielt  from  the  Bidos 
of  the  crucible,  llillcbr&nd  rccommeafhi  the  rotation  of  the  contenta  of  the 
DFUcible  white  etii!  lufilten  no  that  a  reUtivdy  thin  layer  solidifies  on  the 
sklcb  and  bottom  of  the  crucible. 
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place,  but  m  proportion  as  silicic  add  wp&r&tos  out,  the  inn?r 
part  of  the  cake  gndaally  becomes  coatfd  with  a  film  of  silicic 
add  wbich  protects  it  frDm  the  further  action  of  the  arid.  Odo- 
aeqneotiy  it  is  neoessary  to  break  up  ihe  cake  from  time  to  timo 
by  meatw  of  a  ^aas  rod  until  finally  there  U  no  further  evolution 
of  a  gas  and  no  more  hani  hunpe  runain.  When  manganese 
is  pneeot  the  melt  is  colored  green  and  the  solutioa  is  pink.  The 
latter  ia  heated  until  this  pink  cclnr  disappears  and  is  then 
transferred  to  a  platinum  dish  (or  lacking  thu,  one  of  porcelain 
nuQr  be  used).  The  smaO  amount  of  the  melt  adhering  to  the 
ades  of  the  crucible  is  tnosfened  to  the  contents  of  the  dish  by 
means  of  water  and  hydrochloric  add.  The  solution  is  then 
aoalyxed  aa  described  on  page  4S5. 

Bemark. — If  the  fusion  cannot  be  removed  from  the  crudblc, 
it  Is  phoed,  together  with  its  cover,  in  the  beaker  and  treated  as 
above. 

In  this  case,  if  the  melt  was  very  green -colored,  it  should  not 
be  deeomposed  with  hydrochloric  add,  but  with  nitric  acid,  for 
the  chlorine  evolved  by  the  action  of  the  hydrochloric  add  upon 
the  manganate  would  attack  the  piatioum. 

Substances  containing  considerable  fiuorine  cannot  be  treated 
aa  above,  for  silicon  fluoride  will  be  lost  by  vobtilization.  In 
this  case  it  is  necessary  to  use  the  old  method  of  l^rzetiiis  The 
m^  from  the  sodium  carbonate  fusion  is  extracted  with  water, 
as  in  the  determination  of  fluorine  (p.  472),  and  the  greater  part 
ol  the  silica  removed  by  means  of  ammonium  carbonate.  The 
predpitat«  ia  filtered  off,  igiuted,  and  weighed. 

The  silicic  acid  remaining  in  the  filtrate  is  precipitated  by 
means  of  ammoniacal  zinc  hydroxide.  The  precipitjit«  thus  ob* 
tained,  consisting  of  sine  oxide  anrl  tine  siHcate,  is  decompoaed 
with  hydrochloric  acid  and  the  silica  obtained  by  evaporation 
00  the  water-bath  as  usual.  As  a  rule,  the  insoluble  part  of  the 
melt  contains  silidc  acid,  and  this  must  also  be  removed  by  evapo* 
ration  wth  hydrochloric  add.  All  three  silica  precipitates  ars 
ignited  t^igether  and  the  purity  of  the  silica  tested. 

Beadea  the  sodium  carbonate  method  for  the  anal}'ns  of 
silioatcs  not  decomposabki  «ith  adds  a  great  number  of  other 
methods  have  been  proposed,  but  of  theaa  only  the  following  will 
be  roenfioned  here. 
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((9)  Lead  Oxide  Method  of  Jannasch* 

This  analysifr  ja  interesting  because  it  permits  of  an  exact 
determination  of  the  alkalies  ami  of  eilicic  aciU  in  the  same  sample. 

Inasmuch  as  commercial  lead  oxide  (lilliorge)  is  not  free  from 
impurities,  it  is  prepared  for  the  analysis  by  the  ignition  of  pure 
lend  carbonate. 

The  lead  carbonate  is  prepared  by  adding  the  theoretical 
amount  of  ammonium  carbonate  to  a  boiling  solution  of  lead 
acetate-  The  precipitate  is  washed  several  times  by  decant-ition 
with  hot  water,  then  transferred  to  a  haixleneil  filter,  and  com> 
pletely  washed,  using  suction.  The  mass  is  finally  carefully  re- 
moved from  the  filter-paper  and  <lried  on  the  water-bath. 

Procedure. — For  each  gram  of  the  silicate  10-12  gms.  of  lead 
carbonate  are  used.  First  of  all  a  little  lead  carbonate  is  placed 
in  the  crucible,  then  the  vcrj'  finely  powderal  substance,  and  after 
mixing  thoroughly  with  a  platinum  spatula  the  covered  crucible 
is  heated  for  fifteen  to  twenty  minutes  over  a  flame  which  is 
not  more  than  :t-4  cm.  high,  by  which  nican.s  the  greater  part 
of  the  carbon  dioxide  Is  expelled.  The  contents  of  the  crucible 
arc  then  more  strongly  heated  until  fusion  is  cflFected,  taking  care 
that  the  6aine  used  is  strictly  aou-luminous;  the  lower  ttunl  of 
the  crucible,  and  no  more,  may  be  heated  to  redness. 

After  fusing  fi>r  ten  to  fifteen  minutes  the  decomposition  is 
complete,  and  the  covered  crucible  is  quickly  toucheil  into  cold 
water,  but  so  that  its  contents  remain  drj-.  The  melt  is  placed  in 
a  platinum  dish,  covered  «nth  hot  water  and  a  sufficient  quantity 
of  concentrated  nitric  acid  and  evajKirated  on  the  water-bath, 
breaking  up  the  melt  with  a  stirring-rod  as  much  as  possible^ 
When  the  cake  is  completely  diantegrate<l,  as  is  shown  by  there 
remaining  no  more  hard  yellow  pieces  and  only  slightly  colored 
flocks  of  silicic  acid  floating  in  the  liquid,  the  latter  is  evaporated 
oa  the  water-bath  until  a  dry  powder  is  obtained;  this  is  moist- 
ened with  concentrated    nitric   acid  and  once  more  evaporated 

•Uuton  nong,  Z(!it.  fiir  aiial  Chem ,  XVIII  (1879),  p.  270.  fint  pra- 
poaed  that  «ilicatrs  be  deroiTiiMLfetl  hy  fusion  with  red  lead  (Pb,0,).  but 
jannaw-h  in  hia  IViiktiaches  Leitfaden  der  Gewicht-ianalyae  hMM  greatly 
improvvd  l^  iielhod. 
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to  complete  dryness.  The  dry  residue  is  moistened  with  20  c.e.  of 
concentrated  nitric  acid^  and  allowed  to  stand  fifteen  minutes;  100 
C.C.  of  water  are  added,  and  the  liquid  is  heated  for  twenty 
minutes  on  the  water-bath.  The  residue  of  silicic  acid  is  filtered 
off,  washed  first  with  hot  water  containing  nitric  acid,  then  with 
pure  water,  and  weighed  after  the  usual  ignition. 

Remark. — ^In  the  analysis  of  minerals  containing  fluorine,  e.g. 
topaz,  Jaimasch  finds  that  the  results  obtained  are  about  0.5-1 
per  cent,  lower  than  when  the  Berzelius  method  is  used.  In  such 
a  case  this  method  of  decomposition  is  used  only  for  the  deter- 
mination of  the  metals  and  of  the  alkalies,  after  introduction  of 
hydrogea  sulphide  and  removal  of  the  lead. 

AifALYsis  OF  Silicates. 

Orthoclase. 

Constituents:  alicic  acid  (63-70  per  cent.);  aluminium  oxide 
f  16-20  per  cent.) ;  ferric  oxide  (0.3  per  cent-);  potassiimi  oxide 
(8-16  per  cent.);  sodium  oxide  (1-6  per  cent.);  and  often  small 
amounts  of  calcium  oxide,  magnesium  oxide,  and  in  rare  cases 
barium  and  ferrous  oxides. 

Preparaiion  of  the  Substance  for  Analysis, 

The  substance  is  placed  upon  a  thick  steel  plate  within  a  steel 
ring  (about  2  cm.  high  and  6  cm.  in  diameter)  and  broken  into 
small  pieces  by  means  of  a  hardened  steel  hammer ;  the  pieces  are 
then  reduced  to  a  coarse  powder.  The  latter  is  placed  in  an 
agate  mortar  in  small  portions  and  ground  as  fine  as  pos.sible 
and  preserved  in  a  glass-stoppered  bott'e.  In  this  way  from  5-6 
gms.  of  pwwder  are  obtained. 

By  this  means,  (.s  proposetl  by  Hillcbrand,  there  is  less  danger 
of  contaminating  the  substance  with  small  particles  of  iron  than 
iriien  a  so-called  steel  mortar  is  used,  especially  after  the  latter 
has  been  worn  rough  on  its  inner  surface.  Further,  the  practice 
of  passing  the  powder  through  boItin^-cloth  is  to  be  .  voided  when 
pnsrable.  as  in  this  way  the  substance  becomes  contaminated  with 
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fibres  of  cloth  and  too  large  an  amount  of  forraus  Iron  will  be 
found. 


Wejgkmg  the  Substance, 

Tt  is  ciifftomnTv  to  dry  the  powder  before  wei(;Tiine:  at  lOO- 
110°  C.  until  .1  constant  weight  is  obtained.  If  tKere  is  danger  nf 
losing  combined  water  by  this  procedure,  it  has  been  recommended 
to  dry  the  powder  in  a  vacuum  over  concentrated  sutphuric  acid. 
The  practice  of  drying  the  substance  in  either  of  the  above  ways 
is,  however,  to  be  discountenanced.  It  is  far  better  to  \ise  the  air- 
drietl  substance  for  the  analysis,  and  to  determine  the  moi.sture  in  a 
separate  sample.  This  is  more  accurate,  because  the  drj*  silicate 
powder  is  hygroscopic,  so  that  a  portion  weighed  out  to-day  is 
likely  to  contain  a  different  amount  of  moisture  than  one  taken 
to-morrow,  and  thia  is  not  the  case  when  the  air-dried  powder  is 
taken  for  the  analysis.  Further,  as  Hillebrand  has  conclusi>'ely 
shown,  chemically  combined  water  is  not  only  likely  to  be  ex- 
pelled by  heating  at  100"  C,  but  also  by  drj-jng  in  a  vacuum 
over  sulphuric  acid.  Thia  is  i>articularly  true  of  tlie  zeolites.  In 
the  case  of  orthocla.«ie,  however,  only  about  0.1  per  cent,  of  mnisU 
ure  is  present,  so  that  in  thu;  particular  case  accurate  results  will 
be  obtained  by  either  method. 

For  the  analysia  two  portinns  mwRt  be  taken,  eflch  amounting 
to  about  1  grn.  in  weight.    The  first  serves  for  the  determination 
of  SiO„  Al,0,+  Fe,0„  CaO,  and  MgO;  the  second  for  that  of  the 
alkalies. 
I 

Determination  of  Silica,  Aluminium,  etc. 

About  1  gm.  of  the  atr-dricd  substance  is  placed  in  a  spacious 
])latinum  crucible,  dried  for  one  hour  at  l05*-7°  C,  cooled  In  a 
desiccator,  and  weighed.  Tho  difTcrcnce  in  weight  repreuenta  the 
amount  of  hygroscopic  moistun*. 

The  dry  subslanre  is  mixed  with  1  to  r>  gras.  of  calcined  sodium 
carbonate  by  means  of  a  platinum  spatula,  and  the  silicic  acid  is 
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detennincJ  exactly  as  described  on  p.  488.*  The  silica  obtained 
is  treated  with  sulphuric  and  hydrofluoric  acids,  as  described  on 
p.  487,  and  thj  residue  of  AI2O3  in  the  crucible  is  placed  at  one 
aide  for  the  prejcnt. 


Detennlnation  of  Aluminium  and  Ferric  Oxides. 

The  filtrate  from  the  silicic  acid  cont^ns,  besides  the  chlorides 
of  aluminium,  iron,  calcium,  and  magnesium,  weighable  amounts 
of  platinum,  partly  coming  from  the  crucible  in  which  the  fusion 
was  made,  and  partly  from  the  action  of  the  ferric  chloride  and 
hydrochloric  acid  upon  the  platinum  dish  in  which  the  evapora- 
tion took  place  Ccf-  P-  HO,  foot-note). 

To  remove  the  platinum,  the  solution  is  heated  to  boiling  and 
hydrogen  sulphide  is  passed  into  it.  The  mixture  of  platinum 
sidphide  and  sulphur  is  filtered  off  and  the  solution  is  boiled  to 
expel  the  excess  of  hydrogen  sulphide.  The  iron  is  then  completely 
oxidized  back  to  the  ferric  state  by  the  addition  of  bromine  water 
and  boiling  until  the  excess  of  the  latter  is  expelled.  After  this 
about  10  c.c.  of  double-normal  ammonium  chloride  solution  are 
added  and  the  boiling-hot  solution  is  precipitated  by  the  addition  of 
a  slight  excess  of  ammonia,  free  from  carbonate  (ct.  p.  149,  BemaTk). 

*  Formerly  a  single  evaporation  of  the  melt  with  hydrochloric  acid  was 
tDsde,  and  it  was  assumed  that  the  siUca  remaining  in  solution  was  quan- 
titatively precipitated  nith  the  iron  and  aluminium  by  the  addition  of  atnmo- 
lua.  After  obtMiiing  the  weight  of  the  ignited  ammonia  precipitate  it  was 
lused  with  potassium  pyrosulphate  and  t!ie  melt  taken  up  in  the  dilute  buU 
phuhc  acid;  the  residual  silica  was  filtered  off  and  weighed.  The  filtrate 
was  analyzed  as  above  described.  Hillebrand  has  recently  shon-n  that  this 
procedure  is  inaccurate.  In  the  first  place,  the  Biliea  remaining  in  solution 
is  not  completely  thrown  down  -with  the  iron  and  ahmiinium  precipitate, 
and  in  the  second  place  the  silicic  acid  is  not  absolutely  insoluble  in  dilute 
■ulph<iric  acid.  Hillebrand  found  that  from  a  solution  containing  0.20 
pn.  AljO,  and  0.0101  gm.  SiOj  as  much  as  0.0007  gm.  SiO,  could  be  detected 
in  the  filtrate  from  the  ammonia  precipitate.  From  the  potassium  pyro- 
•ulphate  melt  he  succeeded  in  obtaining,  according  to  the  old  method,  only 
0.0033  gm.  SiO.,  while  he  obtained,  by  evaporating  the  solution  until  fumes 
of  milphuric  acid  came  off  and  subsequently  diluting  with  water,  as  much 
M  0.0060  gm.  8iO„  or  about  twice  as  much  as  was  at  first  insoluble. 
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The  precipitate  13  allowed  to  sotUe,  after  which  it  is  filtered,  and 
washed  twice  by  dccantation  with  hot  water.  It  is  then  dissolved 
by  running  hot  dilute  hydrochloric  aoid  through  the  filter  into  the 
beaker  containing  the  greater  part  of  the  precipitate.  The  precipi- 
tatioD  with  anunoiua  is  repeated  aa  before,  and  after  filtering  and 
washing  by  decaiitation,  the  precipitate  is  transferrwl  to  the  filter 
and  washed  until  free  from  chloride  with  water  containing  am- 
moniTim  nitrate  The  precipitate  is  allowed  to  drain  as  complctdy 
as  possible,  and  ia  ignited  wet  in  the  crucible  containing  the  residue 
obtained  froni  the  trcMtruent  of  the  impure  silica  with  sulphuric 
and  hydrofluoric  acids.  After  igniting  strongly  over  a  good  Tcclu 
burner  (or  the  blast-lamp)  tlie  crucible  is  weiglied;  ita  contents 
represents  tlie  sum  of  the  aluminium  and  ferric  oxides. 

For  the  determination  of  the  ferric  oxide,  the  mixed  oxidea 
are  fusal  with  i>iitas8iuni  pyrosulphate  as  described  on  p.  109. 
The  decoiiiiiositiim  ia  comjilete  after  two  to  four  hours.  The  melt 
b  di3solve<i  in  water  containing  a  little  sulphuric  acid  and  the 
Iron  is  determine*!,  afU^r  previous  reduction  wiih  hydnifren  sulphide, 
by  titration  with  potassium  permanganate  (cf.  p.  9U).  If  the 
weight  of  the  Fc,Oj  is  doducUxl  from  the  weight  of  Fc.Oj+AljOi, 
the  weight  of  AJ^Oj  is  obtained.* 

Determination  of  Calcium. 

TTie  combined  filtrates  from  the  ammonia  precipitate  are 
evaporated  to  a  small  volume,  heated  to  boiUng,  and  precipitated 
by  means  of  a  boiling  snhitiun  of  aininoiiiuiu  oxalate.  After 
standing  twelve  hours  the  calcium  oxalate  is  filtereil  off,  and  with 
small  amounts  of  calcium  this  precipitate  is  ignitod  wet  in  a  platinum 
crucible  and  wetgheil.   If,  liowevcr,  consideral)lc  calcium  is  prwjent,1 

*The  Amount  of  IroD  aiuI  itluraiiiium  can  be  dete^rmincd  more  rjuirkly, 
thout;!)  1««  BceuraU-ly.  bs  (olltmrs:  Tlx?  mnivl  iinitimnm  firei'jpitjtl*  ■»  di*. 
sulvcd  in  hot  dilute  sulpluihc  acid  and  diluted  to  a  volume  of  exactly  ^■W 
c  (•  After  thnroiiglily  mi\iiiK.  100  c.c.  are  removed  by  luoHiut  of  n  i)i|x-tl« 
into  a  licakrr  imd  »  wrflnd  portion  of  the  same  voliiinr  is  vlaci'd  in  o  200- 
C.C.  fiiutk.  In  tlur  firat  |'H>nJoii  the  wim  of  FajO,  +  AI,0,  is  determined  by 
oroeipitaiing  with  nmmonia,  hltrriiie,  ixnitinji;,  nnrl  weighing;  in  tlie  other 
portion  the  iroa  is  tvduired  by  hydrogen  Bulpbide  and  then  **Vated  with 
permanganate 

t  CY.  pp.  70-78. 
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the  moist  prpfipitatc  ia  rwli^aolvrd  in  hy<iroohlnric  flcid,  and  nfcain 
prccipUatetl  by  the  addiiion  of  amnionia  ami  a  litUe  more  am- 
moniam  oxalate.  The  precipitate  is  ignited  strongly,  and  weighed 
as  CaO.    {Cf.  p.  70.) 

Testing  of  the  Calcium  Oxide  Precipitate  for  Barium. 

Although  it  i-s  uaiially  iiniipcM-sary  to  make  either  a  qualitative 
or  quantitative  test  for  barium  iu  a  sample  of  ortliodaso,  yet  it 
is  likely  to  be  present  in  traces  ao  that  it  may  be  well  to  sliow 
how  this  can  bo  done.  ,\s  far  as  the  author  knows  etronliura 
has  never  been  found  in  orthoclosc.  On  acco\mt  of  the  solubility 
of  barium  oxalate  in  a  solution  of  anunonjiim  oxalate,  the  barium 
Ti-ill  rarely  be  found  in  the  ralcium  precipitate  fldien  a  double  pre- 
cipitation  h  made,  except  when  it  ia  present  to  an  extent  of  more 
than  3  or  \  mguis,* 

To  teat  the  calcium  precipitate  for  barium,  it  w  diMolve«l  in 
nitric  acid,  evaporated  to  dryness,  ami  hcate<i  for  some  lime  at  140" 
C.  The  calcium  nitrate  Is  dissolved  out  by  cthor-alcohol  (p.  79,  a), 
and  any  residue  remaining  behind  is  tested  in  the  spectroscope  for 
barium.  If  an  appreciable  amount  of  tho  latter  is  found,  iIlo 
calcium  must  be  determined  in  the  ether-alcohol  extnict.  It  is 
carefully  evaporated  to  dryness,  the  residue  diMsolved  in  a  littlo 
water  and  precipitated  as  before  by  the  addition  of  ammonium 
oxalate.  After  standing;  twelve  hours  the  precipitate  is  (illered 
off,  waaluKl,  ignited,  and  weighed.  If  no  barium  is  found  M-ilU 
the  lime,  it  la  by  no  means  safe  to  conclude  that  tho  former  is 
absent;  it  can  very  well  have  gone  into  the  filtrate  from  the 
double  precipitation  of  calcium.  This  amount  will  bo  precipitated 
with  the  tnaRnesium  as  barium  phosphate  unless  it  ia  removed  as 
indicated  below. 

Tor  the  quantitative  determination  of  barium  a  separata 
portion  of  the  substance  is  taken  (see  below). 

Determination  of  Magnesium. 

The  combined  filtruten  from  the  calcium  oxalate  are  evapo- 
rated Ui  dr>-neN<,  ignited  in  a  porcelain  dish,  and  the  resi<lue  <li»> 

•  \V.  F.  IliUamuKl,  Joura.  Am.  Chem.  floe.,  10  tl8M),  p.  83. 
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solved  in  water  to  wliich  a  few  drops  of  hydrochloric  acid  have 
been  added.  The  carbona'ceoua  residue  is  filtered  off,  a  drop  of 
sulphuric  acid  added,  and  the  solution  is  njloweti  to  stand  twelve 
hours  to  see  if  any  p.ecij^itate  of  barium  sulphate  mil  form.  In 
the  latter  case,  the  precipitate  is  filtered  off  and  tested  for  barium 
according  to  Vol.  1,  in  Ihe  filtrate  from  the  barium  sulphate 
the  magnesium  is  dctermineil  as  described  on  page  Cj. 

Determination  of  Barium. 

If  the  quftlitativR  tests  have  shown  thn  presenco  of  barium, 
a  larger  sample  of  the  substance  is  weighed  out  (about  2  gma.) 
moistened  in  a  ]>latitiuni  dish  with  10  c.c.  of  sutpburic  acid  (t  :4) 
and  5  c.c.  of  hydrufhiuric  acid  arc  added.  The  lit^uid  is  evapo- 
rated on  the  water-bath,  with  freciuent  stirring,  until  the  mineral 
is  completely  decoiiipoi^etl,  which  is  recognized  by  there  no  longer 
bdng  any  sandy  ]>urticles  perceptible  on  titirring  with  a  platinum 
spatula.  Frequently  a  further  addition  of  hydrofluoric  acid  b 
necessary-.  When  the  decomposition  is  complete,  the  greater 
part  of  the  Kulphuric  acid  is  remuved  by  heating  the  contents  of 
the  dish  in  an  air-b;ith.  After  cooling,  the  residue  is  taken  up  in 
water,  and  the  bariujii  sulphate  is  tiltereil  off,  and  ignited  wet 
in  a  platinum  cnicihle.  T!ie  precipitale  thus  obtained  alwa>*s 
contains  small  amounts  of  calcium  .sulphate  which  must  be  eUm- 
inateiL  To  acconiplisli  tliis,  t!ic  residue  in  the  t^rucJble  is  dis- 
solved in  a  little  hot  concenlratcti  sulphuric  aciil,  and  after  cool- 
ing the  solution  is  dihited  with  cold  water.  The  barium  sulphate 
is  now  completely  free  from  calcium;  it  is  filtered  off,  ignited, 
and  weighed. 

I>etermination  of  the  Alkalies. 

(a)  MHlivd  of  J.  Lawrence  Smith.* 

Principlf.— The  sulistanne  is  heated  with  a  mixture  of  1  part 
ammonium  chloride  and  8  parts  calcium  carbonate.  By  this 
means  the  alkalies  are  ohtainM  in  the  form  of  chlorides,  while  the 
remaining  metals  are   for   the    most  part  lefi  lichind  as  oxides, 

*Am.  Jour.  Science  [2],  60,  209,  and  Aon.  d.  Cbem.  u.  Pbarm.,  1&9,  82 
(1871). 
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and  the  silica  is  changed  to  calcium  eilicate,  as  represented  by  the 
foltovt'iug  equations; 

CaCOa+aNihCl  -^  CaCl2+2NH3+H20 
2KAISi30s+CaCl2+5CaC03  — 0CaSiO3+AlaO3+2Ka-}-SCO2, 

The  alkali  chlorides  together  wilh  the  excess  calcium  chloride 
can  be  removed  from  the  sintered  mass  by  leaching  with  water, 
while  the  other  cou^lituents  remain  undissolved. 

PrepaTation. — The  amiiwmiuin  chloride  nocesflftry  for  the  de- 
tcmiination  is  prepared  by  subliiiitii^  the  conmierrial  salt;  the 
calcium  carbonate  by  dissulviug  the  purest  calcite  olitjiiiiable  in 
hydrochloric  ucid  ainl  precipitating  with  ammonia  and  annnmiiiim 
carbonate.  Tliij*  last  operation  is  jicrfornied  in  a  large  porcelain 
liLsh.  .\fter  the  precipitate  has  settled,  the  clear  solution  ts  pourt^tl 
off  and  the  precipitate  is  washeil  by  dccantation  until  free  from 
chlorides.  The  pnxluct  thus  obtained  contains  traces  of  alkaUra, 
but  the  amount  present  is  dotomiiiied  once  for  all  by  a  blank 
test  and  a  corresponding  deduction  made  fruni  the  results  of  the 
analysis;  it  is  usually  sodium  chloride  and  amounts  to  O.tM)!^- 
0.0016  gm.  for  8  gmx,  calcium  carbonate.  The  deconipufiition 
was  performed  by  Smith  in  a  finger-sliaped  crucible  uhuut  8  cm. 
long  and  witli  a  diameter  of  about  2  cm.  at  the  top  and  I J  cm.  at 
the  bottom.  Such  a  crucible  is  suitable  for  the  decomposiLion 
of  about  0.5  gn].  of  the  mineral.  A  larger  quantity  can  be  analyzed 
in  a  somewhat  wider  crucible. 

FiUing  the  CVucifrif.— About  0.5  gm.  of  Uw  mineral  is  mixed 
with  an  equal  quantity  of  sublimed  ammonium  chloride  by  trit- 
uration in  an  agate  mortar,  then  3  gms.  of  calcium  carlmnate 
are  athled  and  intinmtely  mixed  with  the  former.  The  mixture 
is  transferred  to  a  platinum  crucible  with  the  help  of  a  piece  of 
glazed  paper,  and  the  mortar  is  rinsed  with  one  gram  of  calciuna 
carbonate,  which  is  added  to  the  contents  of  the  crucible. 

The  /spii/Mm.— The  covered  crucible  is  placed  in  a  slightly 
inclined  position  and  gradually  heated  over  a  small  flame  until 
00  more  ammonia  is  evolved  *   <tliis  should  take  about  fifteen 

*  DurinK  tbis  part  of  Uw  operation  ihe  hist  should  be  kept  so  low  that 
amaaBfaim  chloride  does  not  escape.  Th»  laiu-r  in  dia»odal«d  itilo  animunta 
and  bydmchlnric  acid  by  the  hrat.  and  the  and  unites  with  the  rnlrium 
earboDAt«  lo  form  calciiim  chlrvndc.  1 1 1.1  prMsihlc  to  dp4>om|MKM>  t  t>r>  dihcAtc  by 
;  calcium  chloride  aloD«.    A  method  (or  doing  this  has  tMcn  worked  ouL. 
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minutes),  thfin  tbc  tGmperature  is  rais&l  until  finally  the  lowei 
tliree-fourtlis  (and  no  more)  of  the  tTucible  are  brought  to  a 
dull  red  heat,  and  this  tcmjjcraturu  i»  tnuinlaitied  for  50-60 
minutes.  Tho  crucible  is  then  alUjweil  In  cool  and  the  sintered 
cake  usually  can  be  removed  by  gently  tapping  the  invcrtwi  cru- 
cible. Should  this  not  be  the  case,  it  \&  digeHlod  a  few  minutes 
with  water,  which  ser\'es  to  soften  the  cake  so  that  it  ran  be  readily 
woMheil  into  a  large  porcelain,  or,  better,  platinum  dish.  The 
covered  dish  is  heated  with  50-75  c.e.  of  water  fr»r  half  an  hour, 
replacing  the  water  lost  by  evaporation,  and  the  large  parliclca 
are  reduced  to  a  fine  powder  by  rubbing  witli  a  pestio  in  the  dish. 
The  elear  solution  is  decanted  through  a  fdter  an<l  the  residue  La 
washed  four  times  by  dccantation,  then  transferred  to  the  filter 
and  waahi?<l  with  hot  water  until  a  few  cubic  centimeters  of  the 
washings  give  only  a  slight  turbidity  with  silver  nitrate.  To 
make  sure  that  the  decomposition  of  the  mineral  has  been  com- 
plete, the  residue  ia  treated  with  hydrochloric  acid;  it  should 
dissolve  completely,  leaving  no  trace  of  undecomposed  mineral. 
Precipitation  of  tfie  Calcium. — The  aqueous  solution  is  treated 
with  ammonia  and  nnimanium  carbonate,  heated  and  filtered. 
As  this  precipitate  contains  small  a-nonnta  of  alkidl,  it  is  rcdis- 
8<»lved  in  hydrochloric  acid  and  the  precipitation  with  ammonia 
and  ammonium  carbonate  is  reiwated.  Tho  combinwl  filtrates 
are  evaporatetl  to  dryness  in  a  porcelain  or  platinum  di.sh,  and  tho 
ammonium  salts  arc  removed  by  careful  ignition  over  a  moving 
flame.*  After  cooling,  tlie  residue  ia  dissolved  in  a  little  water  and 
the  last  traces  of  calcium  are  removed  by  the  addition  of  ammonia 
and  ammonium  oxalate.  After  standing  twelve  hours,  the  cal- 
cium oxalate  is  filtered  oR"  and  the  filtrate  is  received  in  a  weighed 
platinum  dish,  evaporated  to  dryness,  and  gently  ignited.  After 
cooling  the  mass  is  moistened  with  hydrochloric  acid  in  order  to 
transform  any  carbonate  Into  chloriiie,  the  evaporation  and  igni- 
tion is  repeated,  and  the  weight  of  the  contents  of  the  dish  is  deter- 
mined; this  represents  the  amount  uf  alkali  chloride  present.  To 
determine  potassium,  the  residue  is  dissolved  in  water,  and  the 


•  Brforc  igniting,  it '«  well  to  heat  the  coTiten  ts  of  t  he  rfish  in  a  drying-ovew  at 
110°.    By  this  means  then  is  no  daugeruf  loai  by  decrepitation.— {I'ruislator] 


pctlfifllaiii  in  precipitated  as  chloroplatinate  (cf.  p.  44)  or  as  pcr- 
ehiorate  (cf.  p.  oO).     The  sodium  is  detertmned  by  difference. 

(b)    The  ifydrofiitorie  Acid  Method  of  Brrzelius. 

About  0.5  gtn.  of  the  mineral  is  weighed  into  a  platinum  dia^, 
2  C.C.  of  water  and  0.5  c.e.  of  concentrated  sulphuric  acid  arp 
added,  and  mixed  with  the  substance  by  means  of  a  platinum 
spatula ;  after  cooling  about  5  c.c.  of  pure,  concentrated  hydro- 
fluoric acid,  which  has  been  distilled  from  a  platinum  retort  with 
the  addition  of  a  little  potassium  perniangauate,  are  addnL* 
The  liiiiiid  is  cvai>orated  uii  the  water-bath,  frequently  stirring  with 
the  platinum  spatula,  until  no  more  hydrofluoric  acid  is  expelled 
and  no  more  hard  particles  can  be  felt  at  the  bottom  of  the  dish. 

The  dUh  is  heated  in  an  air-bath  until  the  greater  part  of  the 
milphuric  acid  ia  removed;  this  \a  necessary  to  make  sure  that 
the  hydrofluoric  acid  is  completely  expelled.  It  is  not  ad\n.sable, 
however.  %a  rcTiove  all  of  the  sulphuric  acid,  on  account  of  the 
danger  of  forming  insoluble  basic  salts.  The  mass  is  allowed  to 
cool  coverel  with  200  c,c.  of  water,  and  digested  until  all  of  the 
re«Juc  has  gone  into  solution. f  The  sulphatea  are  now  transformed 
to  chloride*  l>y  precipitation  with  as  slight  an  e.xces."  of  barium 
chloride  a.1  poa;sible;  and  then,  without  stopping  to  filler  off  the 
bmun*  milphate,  the  aluminium,  calcium,  and  excess  of  barium 
are  precipitated  by  the  addition  of  ammonia  and  ammonium 
carbonate.  Tlie  precipitate  u*  allowed  to  settle,  washe*!  four 
timca  by  decintation,  then  transferred  to  the  filter  and  washed 
free  from  chloride.  The  filtrate  is  evaporated  to  dryness,  and  the 
ammonium  salta  removed  by  gentle  ignition.  A  few  drops  of 
nydrorhloric  acid  are  nddod,  and  the  magnesium  is  removed  by 
atldinE  barium  hydroxide  solution  unlil  slightly  alkaline,  boiling 
and  fil  c:ing.  Tlie  filtrate  is  treated  with  ammonia  and  am- 
monium carbonate,  hoiliHl.  and  the  precipitated  barium  carbonate 
filtererl  off.  This  filtrate  is  again  evaporated  to  dryness,  the 
ammonium  »alta  are  expslled,  the  residue  is  dissolved  in  a 
little  water,  and  a  little  more  barium  carbonate  is  pre- 
cipitated    by    the    addition    of^  ammonia   and    ammonium  eai^ 

'The  prnnanciLtiitU-  mtvch  to  dcvtruy  urRaQic  nintuir  Lbal  is  likely  to 
be  pffspnt  in  contmcrciul  hydmfluonc  acid. 

t  U  barium  was  preacot,  it  U  left  behind  as  the  au>*'lw>te. 
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bonate.  Tiiia  treatment  is  repeated  uiitU  finally  the  addition 
of  ammonia  and  aiTinionium  carbonate  producea  no  further  pre- 
cipitation. Tlie  last  liJtrale  is  ev«[)oraled  to  drj-ness,  gently 
ignited,  moistened  with  hydrochloric  acid,  again  evaporated, 
ignited  and  weigliecl;  this  represents  the  weight  of  llie  alkali 
chlorides  together  with  a  small  amount  of  magnesium  chloride. 
The  chlorides  aro  dissolvcfi  in  a  little  water,  and  the  potassium 
precipitated  as  potassium  chlorplatinate  (p.  44).  If  the  cor- 
responding amount  of  potassium  chlnride  is  deducted  fram  the 
first  weight,  the  amount  of  sodium  cldoride  phis  the  small  amount 
o£  magneshim  chloride  will  lie  obtained.  In  order  to  determine 
the  latter,  the  alcoholic  filtrate  from  the  potassium  chlorplatinat* 
precipitate  is  evaporated  to  drynejyi  on  the  water-bath  (the  water 
in  the  bath  must  not  boil),  and  the  resiilue  is  dissolved  In  a  little 
water  and  washed  into  a  small  flask.  The  latter  ia  now  fitted 
with  a  rubbiT  stopper  containing  two  holos,  and  through  Ihpse,  two 
right-an^rled  pieces  of  glass  tubing  are  introduced,  one  reaching 
to  the  bottom  of  the  stopper  and  the  othrr  until  it  al-nost 
touches  the  litiuid  in  the  flask.  The  solution  is  now  hoalod  to 
boiling  90  that  steam  escapes  from  both  of  the  tubes.  After  IxmI- 
ing  two  minutes  Wfi  can  assume  that  the  air  is  cntpldcly  ex- 
pelletl  from  the  flask;  tlie  short  tn!>e  Js  connected  with  a  hydrogen 
^nerator  and  a  rapid  current  of  hytlrogen  w  conducted  through 
the  apparatus,  while  at  the  same  time  the  flame  is  removed  from 
beneath  the  fla»k  and  the  long  tube  is  closed  by  means  of  a  piece 
jf  rubber  tulnng  containing  a  glass  rod.  The  liquid  is  clbwcU 
U)  cool  completely,  and  the  air-space  above  will  bo  entirely  filled 
ivith  hydrogen.  As  the  hydrogen  U  absorbed  by  the  li<|uiil,  tlie 
{odiuui  and  magnesium  chlorpl.itinates  aro  reduced  to  chloride 
ffith.  the  deiMwitinn  nf  niotallic  platinum,  which  floats  on  the  liquid 
in  the  form  of  dendrites: 

Na3PtCl8+2H2  =  4H  l+*2XaCl+Pt 
MgPtClB+:iH2=4Htn  +  MKC:l:,  +  Pt 
The  lla*ik  is  placed  in  a  lukewarm  water-bath,  frequently 
^aken,  and  the  hydrogen  is  ullowetl  to  act  upon  the  solution  until 
the  reduction  is  shown  to  be  complete  by  the  liquid  l>ecoming  per- 
fectly colorless.  The  connection  witU  the  hydrogcii  generator  ia 
aow  broken  and  a  rapid  current  of  carbon  dioxide  is  conducted 
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through  the  solutioa  for  two  minutes  tlmnigh  the  longer  tube  in 
order  to  remove  the  hrdrogen.  "Hus  is  neceaury,  as  otherwise 
en  opetung  tbe  flask  there  is  likely  to  be  on  exi>1<«ion  between  the 
hyjrogen  and  oxygen,  tnring  to  the  catalytic  actioD  of  the  pUti- 
Dtim.  Tbe  platinum  is  ghoned  off,  the  filtrate  concentrated,  and 
th«  nugnesiuni  precipitated  by  tlie  addition  of  anuncmia  and 
aodiam  phosphate.  After  (standing  twelve  hour?,  the  magnerium 
ammonium  phuspbate  is  filtered  oflf  and  the  inagDesium  deter* 
mined  as  maf:neB:iim  p>Topboephate.  The  corresponding  wdf^it 
of  HgCJ,  is  deducted  from  the  wei^t  of  XaCl+  >IgCV  »"^  "i  tliis 
vay  the  amount  of  NaCl  is  determined. 

Remark. — Thb  method  is  in  vei>'  general  use,  and  the  results 
obtained  agree  closely  with  thtx^e  by  the  J.  I^wrence  5toith  method. 
Many  silicatee,  such  as  the  feldspam,  are  readily  decomposed  by 
the  action  of  sulphuric  aiul  hydrofluoric  acid^;  *  others,  such  as 
certAin  specimens  of  tourmaline,  only  with  diificulty.  According 
to  Jarmaach  the  members  of  the  andalusdtc  group  are  not  com- 
pletely decomposed  by  hydrofluoric  acid,  but  this  can  be  effected 
by  strongly  igniting  with  ammonium  fluoride.  For  this  purpoee 
the  ignited  min^vl  is  placed  in  a  platinum  dish,  covered  with 
10  c.c.  of  ammonia,  evaporated  to  dr^'uetts,  diluted  with  water, 
strongly  acidificl  with  con  cent  rate<l  hydrufluoric  acid,  and  again 
evaporated  to  dryness.  The  djah  is  placed  in  a  nickel  beaker  and 
ignited  quite  strongly,  until  finally  the  excess  of  anunonium  fluoride 
is  driven  off.  The  residue  is  now  treated  with  sulphuric  acid  (1 :2) 
in  order  to  decompose  salts  of  hydrofiuosilicic  acid,  evaporated 
on  tlie  water-bath  as  far  as  possible,  and  then  the  greater  part  of 
the  Bulpbtuio  Hcid  is  rt^inoved.  From  this  point  the  procedure 
is  the  same  as  in  the  regular  lierzehus  method. 

The  Smith  method  is  always  applicable  and  htu  the  advantage 
that  (lie  magnesium  is  practically  completely  removed  at  the  start. 

Instead  of  precipitating  tha  potassium  as  chloroplatinate,  the 
pcrchlorau;  inethud  doewriljcd  on  p.  M  can  be  used  to  aUvantagi*. 
In  this  rase  the  magnesium  can  be  precipitated  in  tlie  alcoholic 
solution  hy  tlie  Schaffgotlsche  Method  described  on  p.  69,  pre- 
vious to  the  expulsion  of  ammonium  salts  and  treatment  with 
perchloric  acid.  

*  Mnny  oOKatcs  can  be  denHiiiiiniHl  hy  rvtiiMinitioa  with  bydro6uorie 
and  bydneblortc  adda.     K.  Elindcr,  Z.  anal.  Cheia..  W»,  332. 
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Analysis  of  Lepidolite. 

Lepiilollle  i&  a  member  of  tiie  itiica  group  and  contains  Utfalum 
and  fluorino  with  the  fuUuniiig  coinposibiou: 

Si,0^(U,K,Na),(F,OH)j 

SiO,«40to45  perct.;  Al,0,^19to38perct.;  MnO«Oto5perct.; 

MgO=0  to0.5perct.;  K,0=4to  11  perct.;  Ii,0-1  to  6  perct.; 

Na,O=0  to  2  per  ct.;    F=l  to  10  \>er  ct.;    H,0«1  to  3  per  ct. 

Beadea  the  above,  calcium,  iron,  phosphoric  acid,  and  chlorine 
are  frequently  found,  and  in  rare  cases  small  aniounte  of  cseium 
and  rubidium  are  present. 

The  detemiination  of  the  silicic  aci{l,  aiumimum,  iron,  roan- 
ganege,  and  nuigitc;fiiuin  m  efTcctcid  as  in  the  case  of  the  orthoelase 
analysis,  except  that  in  this  case  the  manganese  must  be  separated 
fnuu  the  iron  and  aluminium  as  described  on  p.  149  or  152. 

Delaminalion  of  Ihe  AlkalifS.—'Vhe  weight  of  NaCl+KCl+Ua 
is  ilcterniiueU  by  one  of  the  methods  given  under  the  analj-sis  of 
orthuclase,  and  the  poiasKium  weighcil  as  pola8i!iiu]u<;}ilurupI»tinate. 
Tlie  platimiru  ia  then  renuiveil  by  the  treatment  with  hydnigen, 
or  tlie  solution  is  heated  to  boiling  and  the  platinum  ih  preiapit^ted 
as  the  liulphide  by  the  intrt>(hiotion  of  hydrogen  sulphide.  Tlie 
fdtrate  fr^-e  from  platinum  la  evaporatid  to  dr^Tiess  and  the  lithium 
separat«l  from  the  sodium  as  descrilxid  on  p.  5U  or  p.  55. 

Determination  of  Fluorine. — Tins  determination  is  the  same  as 
in  the  case  of  analysis  of  Buorine  in  calcium  fluoride  (p.  471), 
except  that  it  ts  unnecessary'  to  add  any  silica,  for  the  mineral 
itself  already  contains  a  sufficient  quantity. 

Determination  oj  Wato". — This  is  effected  by  the  method  of 
BoseJaiinaach  (p.  4S1). 

Determination  of  Ferrous  Iron  in  Silicates  and  Rocks. 

The  very  finely  powdered,  but  not  boIte<l,  mineral  contained 
in  a  platinum  dish  is  covered  with  5  to  10  c.c.  of  dilute  sulphuric 
acid  (1:4)  and  placed  upon  the  little  triangle  (a)  Fig,  SI.  maJo  of 
glass  or,  better,  platinum.  This  is  placed  in  the  lead  vessel  C  and 
the  latter  rests  in  a  paraffin  bath  {D).  After  the  cover  is  placed  upon 


DBTERmNATtOU  Of  ntHMOiff  WfW. 


m 


C,  a  rapid  current  ur  carbon  (iJoxiilc  In  |iim«hI  llirniifli  'I,  iftlr^t^^V 
the  air  withiu  Uip  appaniltiii  will   )n^   M'|tli«i^(  |fi   Alxfit^   •••''^'^ 

minutes.    The  co\-er  is  (|uirkly  wui'tvM,  miil  A  t'(  I'l  «  *  »*f 

centratfd  hydrofluoric  ftrnl  arc  fwlrlrnl,    Tltf'  <">  ' 

replacpd,  and  the  riirrpnt  n1  rarl^rm  dimil'!'-  '■ 

contents  of  the  dish  an*  prjjfaU-dly  K(ir^^d  - 

ation  by  mtsDa  of  a  platinum  KpiMiiU  ^  |i('*'^  f/  f' 

introdiicHl  through  thr  oth^r  hfif"  in  ftw  lor't^f*     '•  ' 

tiiw  the  panSn  baeh  i«  hf^Mfl  f^  Ifi"^  ^:   «n«l  tf*«|. 

peratuff  for  about  an  bMir.     A«  unnn  m  nuv  mAf*«  ifrirfy  f*** 
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acid  took  placo  under  a  glass  funnel  uihjii  tlip  water-bath.  In 
this  case  a  lurge  !itiui\iiiL  uf  liydmlluuriu  acid  reniaiiiB  i\\  sululiua 
and  it  is  dilliciilt  to  nhluin  a  Htmrp  end-jiuint. 

Another  metlnxl  Uw  Uie  ([eteriiniijitiaii  of  the  amount  of  ferrous 
iron  present  in  itisitUihJe  silic'itos  is  tlmt  of  MiLselierlifh.  llie 
silicate  b  deco:iiposod  in  a  ts\Q\i&\  tube  with  Bulijhuric  ftciii 
(8  H^SO,:  1  lljt^}  undor  pressure,  anil  ttiu  rt-siilling  solution  litratetl 
with  potaasiuai  pi^rmanganate.  This  mctliofl  usually  gives  good 
results  in  ihc  caso  of  a  uilicatc  anal,v»i.s,  but  It  U  worthless  for  the 
analysis  of  roeks  containing  pyrito  or  other  siitphidps,  which  on 
treatment  with  sulpJuiric  acid  are  decomposcil  wiih  evolution  of 
SO,.*  The  latter  ser^'es  to  reduce  iron  that  was  originally  prcBent 
in  the  ferric  form,  so  that  a  too  high  result  will  be  obtained. 


DetermiaatioQ  of  Small  Amounts  of  Titanium  in  Rocks. 

Tho  colorimetrlc  method  of  A.  Wcllcr  Is  best  suited  for  thia 
purpa*?.  and  is  to  be  preferretl  over  all  gravimetric  methods. 

I*rocedure. — The  silicic  acid  is  removed  exactly  aa  in  the  anal.vais 
of  orthochise  (p.  H'Jl)  and  In  the  filtrate  the  iron,  ahuntnium, 
litaniuui,  zircoiiiuin  (chromium  and  vanadium)  are  separatetl 
Imm  tlie  inaiigani-He,  magnesium,  and  calcium,  by  the  acetate 
method.  The  precipitate  thcia  obtained  still  contains  tracra  or 
manganese,  so  that  it  is  dissolvixl  in  dilute  hydrochloric  acid  and 
roprecipitated  by  ammonia.  The  precipitate  is  ignito<l  in  the 
same  crucible  in  which  the  residue  from  the  impure  silica  is  con- 
tained (small  amounts  of  titanium  are  likely  to  be  in  this  residue) 
fused  with  potassium  p\ToBulphate,  and  the  melt  dissolved  in  water 
containing  sulphuric  acid.  Any  insoluble  slUeio  acid  is  filtered  off 
and  the  titanium  determined  in  the  filtrate  as  dcsfribed  on  p.  100 
by  treatment  with  hydroften  peroxide. 

Remark. — In  rock  analysis  it  is  convenient  to  determine  the 
titanium  after  tho  th-termination  of  the  total  iron.  Fur  tJiis 
purpose  the  solution  of  the  potassium  pyrosulphate  melt  is  eaiu- 
rated  with  hydrogen  sulphide  in  order  to  precipitate  lli'»  platinum 


*  L.  I..  •!''  Konin«k.  Zeil.  flir  anorg.  CVicm.,  28  tlBUlJ.  125,  -nd   IMlc- 


bninJ  and  SUiKi-*,  J-  Am.  Cliern.  Soc.,  XXII  <I900).  p.  6-_'i. 
Am.  J.  3ci.,  Dec.  1001. 
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and  reduce  the  iron,  and  the  filtrate  from  the  platiaum  sulphide 
is  titrated  with  potaasiiun  permaagaQatc  alter  expelling  the  excess 
of  hydrogen  sulphide,  as  described  oa  p-  109.  The  solution  is 
afterwards  concentrated  to  about  SO  c.c,  and  the  litaiiiiini  de- 
termined OS  above. 

01  the  gravimetric  methods,  that  of  Gooch  is  best  suited  fp.  116), 
but  even  tins  falls  In  the  presence  of  zirconium  (IlUlebrand),  so 
that  it  is  in  all  cases  better  to  employ  the  colorimetric  method. 

II  it  is  desired  to  analyze  a  rock  U*t  titanium  alone,  alxjut  one 
gram  should  be  treated  with  hydroCuuric  and  ^^ulphuric  acids 
(ace  p.  41)9),  the  greater  part  of  the  sulphuric  acid  removed  by 
vohitilisation,  in  order  to  make  sure  that  tiie  hydrofluoric  acid 
is  e\|M'Ued,  and  the  residue  taken  up  in  water.  From  this  &olu- 
tlon  the  titanium  is  determined  as  above. 


Determination  of  Zirconium  and  Sulphur  in  Rocks. 
W.  F.  HiUebrand.* 

About  2  grnK.  of  the  substance  arc  fused  witli  5  or  6  times  aa 
much  sodium  carbonate  (free  from  sulphur)  and  0.5  giu.  potassium 
nitrate  in  a  large  platinum  crucible.  The  crucible  should  bo 
[^ced  thrnugli  a  hole  in  a  jtiece  of  asbestos  and  held  in  an  in- 
dinod  i»sitioti  so  that  none  of  the  sulphur  from  the  flame  can 
coijic  in  contact  with  tlie  contents  of  tlie  crucible.  The  meJt  is 
taken  up  hi  water,  a  Few  drops  of  alcohol  are  added  in  order  to 
reduce  any  manj;anate  to  nmiv^anotis  salt,  the  solution  is  filtered, 
and  the  precipitate  wa.sheil  with  dilute  soda  solution.  The  fdtrate 
contains  uU  thosu][)hur  in  the  presence  of  sodium  silicate,!  while 
the  residue  contains  all  the  barium  and  zirconium  together  with 
the  remaining  oxides  which  were  present  in  the  rock. 

(a)  Treatment  of  the  FUtraU, 

This  should  amount  to  100-250  c.c.  in  volnmo;  it  is  acidified 
with  hydrochloric  acid,  heatfd  to  boiling,  and  precipitated  with 
hot  barium  chloride  solution.  After  standing  twelve  hours  the 
barium  sulphate  is  Tdlercd  off  and  weighed. 

•  liunelin  of  the  U.  3-  Geolog.  Survey  (19005,  p.  73. 
t  Ctandes  aulphurio  and  itilicic  acirla  ttiu  filtrate  nrnr  roiitniu  chroiale 
(yrllow  ookir),  vaiiadic,  m<i]ybdic,  phoaphoric,  ancnic,  nnd  tun^lic  ocidi. 


( 
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According  to  HiUebrand  it  is  not  necessary  to  evftporate  the 
solution  to  remove  the  silicic  acid  before  precipitating  the  sul- 
phuric ftcld,  for  from  a  dilute  solution  silicic  acid  ta  never  precipi- 
tated with  the  barium  sulphate. 

{h)  Treatment  of  the  Residue. 

The  residue  is  washed  by  means  of  a  streana  of  dilute  sulphuric 
acid  (1 :20)  into  an  evaporating-dish,  and,  after  digesting  for  some 
time,  it  U  filtered  through  the  original  filter.  The  filtrate  con- 
tains aluminium,  iron,  and  the  greater  part  of  the  zirconium. 
The  residue  contains  the  rest  of  the  xirconiiim  together  with  barium 
sulphate  and  some  silicic  arid;  after  boin^  washfvi,  it  la  ifjnite<i 
in  a  platinum  emciblc  and  freed  from  silica  by  evaporation  with 
sulphuric  and  hydrofluoric  acids.  The  residue  in  the  crucible 
is  then  taken  up  in  hot  dilute  sulphuric  acid  and  filtered.  The 
insoluble  portion  can  be  used  for  the  determination  of  barium 
(see  bdow).  • 

The  two  sulphuric  arid  filtrates,  containing  at  the  most  only 
1  per  cent,  of  this  acid,  are  treated  with  hydrogen  peroxide 
and  a  few  drops  of  disodium  phosphate.  Aluminium  and  Iron 
arc  not  precipitate*!  on  account  of  the  acid  present,  and  only 
traces  of  titanjuni  are  thrown  down,  while  all  of  the  zirconium 
is  precipitated  as  phosphate,  after  standing  24  to  48  hours. 

If  the  yellow  color  of  the  solution  should  fade  away,  a  little 
more  hydrogen  [jeroxide  is  added;  the  precipitate  is  filtered  off, 
and,  even  when  it  is  small  in  amount,  it  is  purified  from  the  titanium 
as  follows:  The  filter,  together  with  the  precipitate,  is  ijinited, 
fused  with  a  little  sodium  carbonate,  the  melt  extracted  with 
water  and  filtered.  This  residue  in  Hkewi.sc  ignited,  but  it  is  now 
fused  with  potassium  p>Tnsulphatr,  and  the  fu.'sion  dissolved  in  hot 
water  containing  a  few  drops  of  dihite  sulphuric  acid.  The  solution 
is  poured  into  a  small  Erlenmeyer  flask  nf  about  20  c.c.  capacity,  a 
few  drops  of  4  per  cent,  hydrogen  f>eroxide  and  a  few  drops  of  sodi- 
um phosphate  solution  are  added,  and  after  standing  I  or  2  days  the 
precipitate  is  filtered  off.  The  latter  is  now  free  from  titanium  in 
nearly  every  casr,  and  aft^^r  ignition  it  is  weighed  as  nirconiiim  phos- 
phate. Although  zirconium  phosphate  theoretically  contains  51.8 
per  cent.  ZrO„  there  will  be  no  appreciable  error  introduced  if  it  is 
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assumed  that  one-half  the  weight  of  the  precipitate  represents  the 
amount  of  ihis  oxide  present. 

Determination  of  Barium. 

"Die  above-mentioned  precipitate  containing  all  the  barium  as 
sulphate,  in  the  presence  of  calcium  and  perhaps  strontium,  always 
oontfuns  a  little  silicic  acid.  In  order  to  remove  the  latter,  it  is 
heated  with  hydrofluoric  and  sulphuric  acids  and  the  residue  is 
fused  with  sodium  carbonate.  The  melt  is  treated  with  water  and 
the  carbonates  of  barium  and  calcium  are  filtered  off,  washed,  and 
then  dissolved  in  hot  dilute  hydrochloric  acid.  From  this  solution 
the  barium  is  precipitated  by  the  addition  of  a  slight  excess  of 
sulphuric  acid  and  ignitei  wet  in  a  platinum  crucible.  The  pre- 
cipitate thiis  obtained  contains  a  small  amount  of  calcium  sulphate, 
which  must  be  eliminated.  For  this  purpose  the  residue  is  dis- 
solved in  the  crucible  by  hot  concentrated  sulphuric  acid,  and  after 
cooling  the  solution  is  poured  into  water.  In  this  way  a  precipitate 
of  barium  sulphate  free  from  calcium  is  obtained.  It  is  ignited 
and  weighed. 

SepaiHtion  of  Soluble  from  Insoluble  Silicic  Acid:  Lunge  and 

Millberg.* 

Frequently  a  mixture  of  silicates  is  to  be  analyzed  which  is 
partly  decomposed  on  treatment  with  acids,  with  the  separation 
of  gelatinous  silicic  acid,  and  partly  unaffected.  The  silicic  acid 
deposited  from  solution  by  the  addition  of  acids  is  soluble  in  5 
per  cent,  sodium  carbonate  solution,  while  quartz  and  feldspar 
are  not  appreciably  attacked  by  the  latter  (cf.  Vol.  I.  pp.  413,414). 

If  it  is  desired  to  separate  the  deposited  silicic  acid  from  the 
unattached  silicate  (usually  feldspar  and  quartz),  the  substance  is 
treated  with  acid  (hydrochloric  or  nitric)  and  evaporated  on  the 
water-bath  until  a  dry  powder  is  obtained.  This  is  moistened  with 
axadf  diluted,  boiled,  and  filtered.  After  washing,  the  residue  is 
digested  with  5  per  cent,  sodium  carbonate  solution  on  the 
water-bath,  in  a  porcelain  dish  for  fifteen  minutes.  It  is  then 
filtered,  washed  first  with  soda  solution  and  finally  with  water. 

•  ZatMhr.  f.  angew.  Chemie,  1897,  pp.  393  and  425. 
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If  a  turbid  filtrate  shoiil<i  be  obtained,  a  little  alcuhul  is  added  to 
the  wash  water,  after  whicb  the  filtrate  will  at  once  run  through 
dear. 

Tlio  alkaline  filtrate  contains  tlie  soluble  silicic  acid;  this  can 
bo  deterniiaeit  l>y  acidifying  and  evaporating  to  dryness.  The 
residue  from  the  sodium  carbonate  treattnent,  consisting  of  quiirtx 
and  feldsjiar,  is  weighed.  In  order  to  det^'rminc  the  tpiartz,  the 
nnxture  is  acted  U[wm  by  sulphuric  aiiit  hydrdfluoric  arids,  the 
exoesnof  the  latter  is  removed  by  heating  with  sulphuric  acid,  and 
the  cold  resiiliie  is  dissolved  in  water,  precipitated  wirh  ammonia, 
and  ttie  ahmiina  woifrhed.  If  this  weight  is  midtipliMl  by  5.41, 
the  corresiHinding  amount  of  feldspar  is  obtained,  and  if  this  is 
deductinl  from  the  weight  of  the  quartz  +  feldspar,  the  weight  of 
the  quartz  will  be  found. 

Determmfttion  of  Soluble  Silicic  Acid  in  Clay. 

Clay  c:ontains  besidee  alumina,  sand  (quartz -(-breccia)  and 
small  aniount^  of  rah-iimi  and  magncitium  rarlw)Tiates. 

About  2  gnis.  of  the  substance,  after  having  been  dried  at  120', 
and  being  in  the  form  of  a  nol-too-fine  powder,  arc  moistened  with 
■water,  and  a  mixture  of  100  c.c.  water  and  .W  r.r.  concentrated  sul- 
phuric acid  *  is  added.  The  porcelain  dish  is  covered  with  a  watch- 
glass  and  heaterl  over  a  free  flame  until  dense  funics  of  sulphuric 
acid  vapors  are  evolved.  Ttic  contents  of  the  dish  arc  allowwi 
to  cool,  1.50  f.c.  of  water  and  3  c.o.  of  concentrate*!  hydrochloric 
acid  arc  addcti,  ihc  solution  boiled  for  fifteen  minutes,  filtered, 
washed  completely,  and  the  mixture  of  soluble  silicic  acid,  quartz, 
and  insoluble  silicate  is  treated  as  above. 

Remark. — It  was  formerly  the  custom  to  separate  the  soluble 
silica  from  the  insoluble  silica  by  boiling  with  potassium  hydroxide 
solution.  According  to  the  experiments  of  l.unge  and  MiUberg. 
however,  this  is  not  permis.-'ihle  because  quartz  is  perceptibly 
siluble  in  caustic  potash  so]utio,n.  If,  on  the  other  hand,  tlie 
substance  is  obtained  in  a  very  finely-dividwi  condition,  even 
sodium  carlxinate  solution  cannot  be  used  for  the  same  reason. 

*  Ale\HnderSubGch,  CHerhotn.  Industiic  1902.  p.  17. 
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Analysis  of  Chromite. 

Although  chromite  (chrome  iron  ore)  is  not  a  silicate,  it  is 
insoluble  in  all  acids,  and  can  be  brought  into  solution  by  fusion 
with  alkali  carbonates,  or  borates,  so  that  its  analysis  will  be  dis- 
cussed at  this  place. 

Chromite  contains  18  to  39  per  cent.  FeO,  0  to  18  per  cent.  MgO, 
42  to  64  per  cent.  CtjOj,  0  to  13  per  cent.  AljO,,  and  0  to  1 1  per  cent. 
SiOj.    Calcium,  manganese,  and  nickel  are  also  occasionally  present. 

Of  the  finely-powdered  and  bolted  mineral,  0.5  gm.  is  fused 
in  an  inclined,  open  platinum  crucible  with  4  gms.  of  pure  sodium 
carbonate  *  for  two  hours  over  a  good  Teclu  burner.  After  cool- 
ing, the  melt  is  leached  with  water,  acidified  with  hydrochloric 
acid,t  evaporated  in  a  porcelain  dish  until  a  dry  powder  is  obtained, 
moistened  with  hydrochloric  acid,  taken  up  in  water,  and  the 
silica  filtered  off.  The  latter  is  ignited,  weighed,  and  its  purity 
tested  with  hydrofluoric  acid  (p.  487).  The  filtrate  from  the 
silicic  acid  is  precipitated  hot  with  hydrogen  sulphide  and  the 
precipitate  of  platinum  sulphide  and  sulphur  is  filtered  off.  It 
is  then  placed  in  an  Erlenmeyer  flask,  10  c.c.  of  ammonium 
chloride,  enough  ammonia  (free  from  carlxmate)  to  make  the 
solution  alkaline,  and  a  little  freshly-prepared  ammonium  sul- 
phide are  added,  after  which  the  flask  is  corked  up  and  allowed 
to  stand  over  night.  In  the  morning  the  precipitate  is  filtered 
ofT,  washed  twice  with  water  containing  a  little  ammonium  sul- 
phide, then  dissolved  in  hydrochloric  acid,  and  the  precipitation 
by  means  of  ammonium  sulphide  is  repeated.  Tlie  ammonium 
salts  are  removed  from  the  filtrate  and  the  calcium  and  magnesium 
determined  as  described  on  p.  76-S. 

The  ammonium  sulphide  precipitate  is  dissolved  in  dilute 
hydrochloric  acid,  any  residue  of  nickel  or  cobalt  sulphide  is  fil- 


*  BuDsen  fused  the  chromite  with  one-third  as  much  SiOt  and  6  to  8 
puts  NatCOt  aDd  then  subtracted  the  amount  of  uiUca  added  from  the 
total  amount  found.  This  makes  the  decompo^itioD  take  place  more  read- 
fly,  but  the  author  prefers  not  to  add  the  silica  on  account  of  the  poaaibihty 
of  thereby  introducing  an  error. 

t  If  a  dark  residue  of  undecomposed  mineral  should  remain,  it  ia  filtered 
off  and  again  fused  with  sodium  carbonate. 
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tered  off  and  drictl.  This  residue  is  then  ignited  first  in  aii^ 
then  in  a  current  of  hydrogen,  and  finally  weighed  as  metal.  It 
is  not  worth  while  to  attempt  the  separation  of  the  nickel  from 
the  cobalt  on  account  of  the  small  amount  present.  The  fdtrato 
from  the  sulphides  of  nickel  and  cobalt  is  freed  from  hydrogea 
sulphide  by  boiling,  the  iron  present  is  oxidizc<i  by  evaporating 
with  potassium  chlorate  and  hydrochloric  acid,  and  the  iron, 
chromium,  and  aluminium  are  soparated  from  the  manganese  by 
ineuuH  of  the  bariuui  carbonate  method  (p.  140)  und  from  one 
another  at*  JeHCribed  on  p.  107  et  secj,  In  the  filtrate  from  the 
barium  carbonate  precipitate,  the  manganese  is  sejiarated  from 
the  barium  as  described  ou  p.  122,  b,  and  determined  as  sulphide 
or  a«  sulphate. 

Rfmark. — If  it  is  desired  to  determine  the  ehromium  alone^ 
this  is  best  accomplished  by  means  of  a  vohimetric  process  (see 
Partll). 

Betenniaation  of  Thorium  in  Monazite,  according  to  E.  Benz,* 

Monazitc  is  a  phosphate  of  the  rare  eartiw  [PO,{Ce,I'a,ni,Th)J. 
It  occ\ira  in  so-called  "monazite  sand"  mixed  with  quartz,  rutile, 
zircon,  tantalatcs,  etc.,  and  is  at  present  the  raw  material  used  for 
the  preparation  of  thorium  (used  in  the  Wclsbach  mantle).  The 
value  of  a  sample  of  monazite  sand  depends  uiM»n  the  amount  of 
thorium  present,  and  its  determination  is  best  effected  as  follows; 

Of  the  bolted  monazit^e  sand,  0.5  gm.  is  intimately  mixed  with 
10  gms.  of  potassium  pyrosulphate  in  a  spicjous  platinum  cnid- 
blc;  the  latter  is  covered  and  slowly  heated  imtil  its  cont.ent3  are 
at  a  gentle  fusion.  Tliis  is  best  accomplished  by  placing  the 
platinimi  cnicihle  -nithin  a  larger  porcelain  one  which  is  provided 
with  an  asbestos  ring.  After  no  more  gaa  is  ^von  off,  the  cruci- 
ble is  gently  ignited  over  tho  free  flame,  and,  after  cooling,  ita 
contents  are  treatcii  with  water  and  a  little  hydrochloric  acid 
until  it  is  completely  disintci^rated.  After  allowing  the  residue 
to  settle,  it  is  filtered,  treate'.l  with  a  little  concentrate*!  hydro- 
chloric acid,  diluted  with  water,  and  again  filtered.f    In  tho  com- 

♦  Zeit.  f.  ang«w  Chcm.  15  (1902). p,  297. 

t  Tbif  reuduc  is  (no  frum  tboriuiUi  and  consists  clueQjr  ol  silicic  aod 
tantatic  acids. 
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fained  filtrates  the  hydrochloric  acid  is  nearly  neutralized  with 
ammonia  (the  formation  of  a  permanent  precipitate  is  to  be 
avoided,  for  it  will  be  difficult  to  redissolve  it),  the  solution  is 
heated  to  boiling,  and  3  to  5  gms.  of  solid  ammonium  oxalate  are 
added  while  the  liquid  is  vigorously  stirred.  The  oxalates  of 
the  rare  earths  are  immediately  deposited  in  the  form  of  a  coarse 
powder.  To  make  sure  that  the  precipitation  is  complete,  a  little 
ammonium  oxalate  solution  is  added.  After  standing  twelve 
hours  the  precipitated  oxalates  are  filtered  off,  washed  once  by 
means  of  water  acidified  with  nitric  acid,  then  transferred  to  a 
porcelain  dish,  and  the  last  portions  of  the  precipitate  are  eventually 
washed  from  the  filter  by  repeated  additions  of  hot,  concentrated 
nitric  add  and  water;  the  liquid  is  evaporated  almost  to  dryness. 
Ten  cubic  centimeters  of  concentrated  nitric  acid  (sp.  gr.  1.4)  and  20 
C.C.  of  fuming  nitric  acid  are  then  added,  the  dish  covered  with  a 
watch-glass  and  heated  on  the  water-bath.  After  a  short  time 
the  nitric  acid  begins  to  decompose  the  oxalic  acid,  shown  by 
the  lively  evolution  of  gas.  After  no  more  gas  is  given  off,  the 
watch-glass  and  sides  of  the  dish  are  washed  down  and  the 
acJution  evaporated  to  dryness.  In  order  to  remove  the  fiee 
nitric  add,  a  little  water  is  added  and  the  solution  evaporated 
once  more;  after  this  the  filter  fibres  present  are  removed  by 
filtration.  It  is  now  necessary  to  separate  the  thorium  from 
the  remaining  earths.  This  is  effected  by  precipitating  the  former 
with  hydrogen  peroxide  as  thorium  peroxide.  On  ignition  the 
latter  is  changed  into  Th02,  in  which  form  it  is  weighed. 

The  precipitation  with  hydrogen  peroxide  takes  place  as 
f(dlows:  The  neutral  solution  of  the  nitrates  is  diluted  with  10 
per  cent,  ammonium  nitrate  solution  to  a  volume  of  100  c.c. 
heated  to  60-80"  C,  and  precipitated  by  the  addition  of  20  c.c. 
of  pure  3  per  cent,  hydrogen  peroxide  solution.  The  precipitate, 
which  is  colored  yellow  by  traces  of  cerium  peroxide  (at  the  most 
■^  mg.  of  the  latter  is  present),  is  immediately  filtered,  washed 
with  hot  water  containing  ammonium  nitrate,  ignited  wet  in  a 
l^tjnum  crucible,  and  weighed  as  ThOj. 

If  it  is  desired  to  obtain  an  absolutely  pure  thorium  oxide, 
the  moist  precipitate  is  dissolved  in  nitric  acid  and  the  above 
preci|Htatioii  with  hydrogen  peroxide  is  repeated.    By  this  method 
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E.  Benz  obtainwl  in  the  analysis  of  a  South  .\mrrican  monMite 
sand  the  following  rosulUi:  4.72,  4.58,  4.50  per  ceriil.  ThO,, 

Remark.^Thc  above  iironeaa  for  the  determinatjon  of  thorium 
in  rnunazite  la  qiiicktT  antl  more  accurate  than  either  thai  of 
Gliiser  *  or  thut  of  Hint/  ond  Welier.t  so  that  it  is  to  be  re&tiri- 
mendcd  for  both  technical  and  scientific  purposes. 

Tlie  dftermination  of  thorium  oxido  in  thorite  is  carried  out 
in  the  saiDie  way  with  the  difference  that  instead  of  fusing  the 
mineral  with  sodium  fluoride  and  potassium  pyrosulphiite.  it  is 
decomposed  by  treatment  with  hydrochloric  acid,  and  the  silica 
removed  as  usual.  The  filtrate  from  the  silica  is  analyzed 
as  above.t 

For  the 

Analysis  of  Incandesceat  Mantles 
cjonsult  the  work  of  T.  B.  Stillman,  Chem.  Zeit.,  1906,  60. 
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Determination  of  Water  in  Silicates. 

If  the  mineral  on  ignition  loses  nothing  but  water,  the  amount 
of  the  latter  can  Ije  determined  by  the  luss  in  weight.  In  the 
great  majority  of  cjises.  however,  other  constituents  (e.g.  OOj.  SO,, 
Q.  F.  etc.)  are  lost  and  the  substance  may  undergo  an  oxidation 
(FeO  is  changed  to  Fe,Og.  PbS  to  PbSO,.  etc.).  In  such  cases 
the  procetlure  recontmenJed  by  Jaiinasch  can  be  used  to  advan- 
tage. The  substance  is  heated  with  lead  oxide,  the  water  vapor 
conducted  over  a  heated  mixture  of  lead  oxide  and  lead  peroxide 
and  ftb.'^orberl  in  a  weighed  calcium  chloride  tube  (see  p.  4S4). 

If  the  substjinco  on  ignition  loses  simply  water  and  carbon 
dioxide  the  former  may  be  accurately  determined  by  the  method 
of  Brush  and  PcnfieJd.j     The  substance  is  introduced  by  means 


•  Chem.  2ln  .  HO<J.  p.  fll2. 

t  Zeilflrhr  fijr  ana]  Chemic  aSOT).  XXXVl.  p.  27. 

X  As  members  nf  the  hydrogen  eiilph^dc  group  arc  UfliM.ny  pment.  It  {• 
advisable  to  firrt  reaiovc  them  iind  to  effect  tlic  prccipJtAtioo  of  the  nn 
eartbs  with  wnmoaium  oxalate  from  the  ali^htly  ncid  filtrsU;  from  the  hydro 
gen  sulphide  precipitate, 

JAmtT  Joiim.  Sci    (31  XLVOT  (1804).  p.  81.  and  Zeit   fttr  anocf. 
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Uf  «S  nm  out  cf  it.    TIk  wiigM  cf  tft 
faMi  «  Ik  fl^  tf  Aim  t^N  kmi  k 

cany  m(]i>raas  rapwitfa  it,  so  tbat  »fanlMr 

(7M  amj  ad  litiiiaii (90*  &)  «ai 

ftkMBcl0iMMCB.v«sc3-Ta|iar.    Ifl^aBoam  of  nuboD  <fio«Ml« 
paott  is  Ibimb,  it  i^  dKtcfac^  fli^f  ■ncny  to  Bskti^  tu 


8e*  Sud  Aiulyw,  p.  441. 


Detexmizutioo  «#  Stfioon  in  Qie  PrescBoa  of  SOidc  Add. 
GL  U.  rhillips,  Z.  ftnfBv.  Gbem^  14,  1M9  (190£3. 
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A  cnAVtMBTniG  anftlj'sis  is  acctnnplished  by  adding  to  the 
Boliit  ion  of  tlie  substance  to  be  analj'zecl  a  reagent  of  only  approxi- 
matcly-knownstrongth,  separating  one  of  the  products  of  the  reac- 
tion from  the  solution  and  weighing  it.  On  iJic  other  hand,  a 
volumetric  analysis  is  ma<lc  by  causing  the  reaction  to  take 
place  by  means  of  a  meaAure<l  amoimt  of  a  solution  of  accurately- 
tnown  strength  and  computing  tlic  amount  of  substance  present 
by  the  volume  of  the  aolulion  which  reacts  with  it  (cf.  p.  2). 
For  the  latter  sort  of  analysis  accurately-calibrated  racaauring 
instruments  arc  necessary,  as  wjU  be  briefly  described. 
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Measuring  Instruments. 

1.  Burettta  arc  tubes  of  uniform  bore  throught  tlie  whoto 
length;  they  arc  divided  into  cubic  centimeters  and  arc  closed  at 
the  bottom,  as  shown  in  Fig.  S2,  by  means  of  a  glass  atop-eock,  or 
with  a  piece  of  rubber  tubing  contiuning  a  glass  bead  h.  The  latter 
form  was  devised  by  Bunsca  and  is  used  as  follows:  The  tubing  is 
seized  between  the  thumb  and  forefinger  at  the  place  where  the 
glass  Ijead  is,  and  by  means  of  a  gentle  pressure  a  canal  is  formed 
at  one  side  of  the  bead  through  which  the  liquid  will  run  out. 
Instead  of  the  glass  bead  an  ordinarj*  pinch-cock  is  frequently  used. 

Besides  ihe  above  forms  of  burettes,  a  great  many  others  are 
in  use,  but  it  is  unnecessary  to  describe  them  here. 

2.  Pipettes. — A  distinction  must  be  made  between  a  "  full " 
*uDett«  and  a  "  measuring  "  one.    A  /uU  pipHU  has  only  ono 
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mark  upon  it,  and  serves  for  measuring  off  a  definite  amount  of 
liquid.  They  are  constructed  in  different  forms;  usually  they 
consist  of  a  glass  tube  with  a  cylindrical  widening  at  the  middle. 
Hie  lower  end  is  drawn  out,  leaving  an  opening  about  ^1  mm. 


Fia.  82. 

wide.  Pipettes  of  this  nature  are  constructed  which  will  hold 
respectively  1,  2,  5,  10,  20,  25,  50,  100,  and  200  c.c. 

Mwsuring  pipettes  are  burette-shaped  tubes  graduated  into 
eubic  centimeters  and  drawn  out  at  the  lower  end  aa  before.  They 
serve  to  measure  out  any  desired  amount  of  liquid  and  are  obtained 
with  a  total  capacity  of  1,  2,  5, 10,  20,  25,  and  50  c.c. 

3.  Measuring-fiasks  are  flat-bottomed  flasks  with  narrow 
necks  provided  wi'h  a  mark,  so  that  when  they  are  filled  to  this 
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point  tlipy  will  contain  respectively  50,  100,  200,  250,  300,  500, 
1000,  and  2000  c.e.  They  serve  for  the  preparation  of  Btandard 
Bolutions  and  for  the  dilution  of  li(niids  to  a  definite  voliimc. 

4.  Moisuring-cyli-ndcrs  are  graduated  into  cubic  centiiuetcra 
and  arc  used  only  for  rough  measurements. 

It  b  clear  that  accurate  results  can  be  obtained  by  a  volu- 
metric analysis  only  when  the  inalrumcnLs  used  arc  accurattJy 
calibrated.  It  should  never  be  taken  fipr  granted  that  a  pur- 
chaseil  in?triimont  in  correct,  but  it  should  a!wa>'s  be  carefully 
tested.  In  the  case  of  in caaurin-;- flasks  and  "full"  pipettes,  It 
is  best  for  each  one  to  eteh  fnr  himftctf  iho  (lositioa  oa  the  flaak 
or  tube  up  to  which  they  ehoulil  bo  filled  with  liquid. 


ITonnal  Volume  and  ITormal  Tempera  ttire. 

A  litT,  which  is  th^  volume  of  a  kilogram  of  watpr  at  ita 
maximum  deD3it>',  is  taken  as  the  normal  volume.  If  it  is  desired 
to  mark  on  the  neck  of  a  liter-flask  the  point  to  which  this  vohime 
reaches,  the  position  of  thr;  mark  depends  upon  the  temperature 
of  the  vessel.  It  is  nccossarv*.  therefore,  to  choose  for  the  vessel 
itself  a  Uefinito  temperature,  the  so-called  normal  temperature. 
At  present  the  temperature  of  +15°  C.  is  almost  universally 
taken  as  the  normal  temperature.  According  to  this,  then,  the 
flask  should  be  marked  at  lo"  with  the  volume  occupied  by  a 
kilogram  of  water  at  +  4**,  and  as  the  kilogram  is  the  unit  of  mass, 
the  weighiog  should  also  take  place  in  a  vacuum. 

This  experimental  imposaiblUty  can  be  avoided  inasmuch  as 
the  weight  of  a  liter  of  water  is  known  accurately  at  temperatures 
other  than  +4°.  aUo  the  expansion  of  the  glass  with  rise  of 
temperature,  and  the  buoyancy  which  the  weightt  and  the  water 
experience  as  a  rc«iH  of  weighing  in  the  atmosphere.  The  weights 
which  must  be  placed  upon  the  balance  pan  in  order  to  detemiinc 
the  space  occupied  by  a  true  liter  of  water,  therefore,  depend  upon 
the  temperature  of  the  water  and  of  the  vessel,  as  well  as  tho 
density  of  the  air  at  the  time  of  the  experiment.  The  density  of 
the  air  varies  somewhat  from  day  to  day  and  depends  upon  the 
barometric  pressure,  the  temperature,  aad  tho  amount  of  moisture. 
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It  suffices  in  most  cases,  however,  to  assume  the  average  values  of 
thc3c  factors  corrcsponiling  to  the  locality. 

As  regards  the  Jtinsity  of  water  at  diiTerent  tenperaturcs,  this 
ts  ^rcD  in  the  following  tabic: 


DBWKTT  OF 

WATHB  A1 

DITFEWWT  TBMPERATCneS  • 

1 

DenMUjr. 

1 

Deiuily 

J 

Dautlly. 

p. 

ODM-SO? 

i-i" 

0,999271 

28° 

0.906258 

B  X 

m26 

15 

0138 

20 

0.90J9S9 

L  2 

Qoar. 

IG 

S069 

30 

£072 

B3 

m'.vi 

17 

CM  I 

31 

S3&6 

^■4 

1,000000 

18 

SWl 

32 

5052 

^■4 

o.oomtiij 

10 

ft!30 

33 

0.00472S 

^■R 

OOfiS 

20 

st-ao 

34 

439; 

^■f 

992D 

21 

8017 

35 

■yj&s 

^■1 

0ft76 

22 

0.9977S5 

36 

0.iH)371I 

^M 1 

980S 

23 

7563 

C7 

3356 

^Hn 

9727 

24 

7321 

3S 

0.992993 

^B| 

0C33 

25 

7069 

30 

2on 

^^b 

9o'M 

28 

0.9'J6S08 

40 

0.m2244 

m  _ 

MIH 

27 

853S 

*Tliiawn,  Scheet  and  Oiesaclhorst ,  I{)01. 

h  the  aid  of  (hi«  table  it  is  possible  to  t-ell  what  the  weight 
-  of  water  will  be  at  any  temperature.     It  was  stated  on 
'hat  if  po  is  the  weight  of  a  body  in  a  vacuum  and  p 
•'  same  body  in  the  air,  then 


-K-^^)• 


'•vston  X  denotes  the  density  of  the  air  un<lcr  the 
Irtions,  «  tlint  of  the  body  and  *%  that  of  the  brass 

r,  the  volume  occupied  by  the  mass  compared 
icDt  of  cubical  expanaiou.    The  weight  of 
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water  contained  in  the  mass  at  f*  in  a  vacuum  CcUsrcgarding 
quantities  of  the  second  urder)  Is: 


r,5ll+a(f-15)]  , 


If,  therefore,  it  is  desired  to  determine  the  roluntc  of  a  liter 
by  weighing  water  at  17.35°  with  brass  weights,  the  computation 
is  carried  out  as  follows: 

The  density  of  water  at  17.35*  ia  given  by  interpolation  in  the 
above  tabic  as  0.9987  = «,  the  density  of  the  brass  weights  can 
be  taken  as  8.0=Si,  the  density  of  the  air  os  0.00121-1  and  the 
coefficient  of  cubical  expansion  of  glass  as  0.000027,  so  that  by 
inserting  these  values  in  the  above  equation: 


_0.»9S7[I  40.000027(17.35- 15)1  _ 
^  0.001214    0.001214  u.ya// Kg., 


0.99S7 


S.0 


p 


or  in  other  words  the  volume  occupied  by  997.7  gms.  of  water 
under  the  above  condition.'?  represents  one  liter  in  glass 
at  15*. 

Invariably  the  temperature  of  the  laboratory  is  such  that 
somewhat  less  th.in  lOOrtgms.  is  used  for  the  calibration  in  true 
cubic  centimeters.  It  is  convenient,  therefore,  to  place  the 
lOOO-gm.  weight  on  one  side  of  the  balance  together  with  the 
empty  flask,  and  then  place  a  tare  on  the  opposite  side  of  the 
balance.  Then  the  lOOO-gm.  weight  is  removed  and  in  its  place 
lOOO-p  gms.  arc  placed,  after  which  equilibrium  is  restored  by 
filling  the  flask  with  water. 

To  avoid  the  somewhat  tedious  calculation  of  the  value  of 
p,  W.  Schlosser  *  has  calculates!  the  following  table  in  which  tho 
values  are  given  for  1000— ;i  at  different  temperatures. 


•  Z.  »ngew.  Chem.,  1«»3,  flBQ;  Ohem.  Ztg.,  \WSA,  4. 


Corrtrtldti  TnIiIh 

Ibis  table  shows  in  millinriim"  Unw  (imf-lt  !••*•  id-tti  Ci'i't  ^m  i    it  ■       r,ft  i 

of  water  which  occtipin<(  ft  voliiKin 'ir  OPK-  l>'"r.  '■'>  '*<•     !■  r'nc"  ■,    it    i     r 

eoeffident  of  cuhiea)  nxf)n.ttmmt  t"T  (In-  ^f-i--"  r-  'f'i't't «►■■/  ,.  i    t  .'* 

gnde.  the  normal  f(Tnp*!Mfi(rn  H  IV,  Kt'-  '.tf'rff.' ".'   ,«  if     '■ '»  . 

i^BpoaxiiR  "rf    thft  /wi*  !-">''    4ft'I  •li''   '*fT-i'rfi  -4    -'J i'<  ■ 

Tbe  ahie  fa<la  frrtfn  *  •yTrij:f'^4''i"'  V  .'/■    '.  /•!•    /  ■'i'' 


* 

)  > 

1  : 

< 

-i+^1 

...-»t 

* 

..:ns 

-!-•'• 

■^ 

.^'^'i 

_-/.    ^ 

i        .'■. 


S2y 


<,OWMETR[C  ANALYSIS, 


in  the  table  1.4  mgm.  for  each  millimeter  that  the  barometer  reads 
above  (or  below)  7C0  mm.,  and  to  siibtnict  (or  add)  4  mgm.  for  each 
degree  that  the  Lcmpcraturc  of  the  air  is  abovu  (or  bi-low)  15°  C. 

If,  for  example,  the  temperature  of  the  water  is  17.35°,  tho 
barometer  reading  720  mm.,  and  the  temperature  of  the  air  23.7°, 
then  the  correction  is  computed  as  follows: 

.'.ccordiug  to  the  table  the  value  of  1000— p  is  2260  mgm., 
this  number,  therefore  should  be  diminiahed  by 

(760-720)1.4  =  56  mgm. 
(23.7-15)0.4=35 

91  mgm. 

The  correction  becomes  2200-91=2169  mgm. «2. 163  Rme. 
In  nrdtT  to  simplify  thn  matter  uti'll  further,  Schld'WiM-  rccommenda 
preparing  a  special  table  for  localities  where  the  average  haronn^trlc 
prea-^ure  is  considerably  leas  than  700  mm.  Thus  the  following 
table  applies  to  Zurich  and  ran  be  used  for  other  places  where  the 
average  barometric  pressure  is  correspondingly  low. 

coiinBcTtoM  m  oruus  tor  lOOO  c.c. 

under  tb?  AtMumption  that,  the  (;ocf!i(!ient  of  oiibicnl  i>xpaaf<inn  for  fclnas  tfl 
0.0OO(W7  per  -iPCTci!  r**ntipmdc,  ihc  normal  tfrnpt-nituri*  of  itltt-w  is  15",  the 
lempiTatiire  <»f  the  water  between  S"  and  30.6".  the  barometer  rtadiog  720 
maij  ibe  t«imppnitiiru  nf  i\w  air  I.^"*  atiJ  the  viipor  tension  namia]. 


(Tnrrnciion 

CorTvccian 

( 

Corwctioii 

I 

Corrrctinn 

t 

in  Uianu. 

1 

iaGnuna.  ' 

in  Urams. 

<D  GmBU. 

S.O" 

I.2H4 

U.5" 

1.522 

18. 0» 

2  303 

24.5" 

3.552 

6  5 

1.281 

12.0 

1  562 

IS. 5 

2.383 

25.0 

3  067 

6  0 

1  .iKl 

12.5 

I  B()7 

in  0 

2.46K 

25.5 

3  7S2 

6.5 

i.-iM 

13.0 

1  6M 

19.5 

2.553 

20. 0 

3  UOt 

7  0 

1..W3 

13. £ 

1.707 

20.0 

2.642 

26.5 

4  021 

7  5 

l.3(]» 

14  0 

I  762 

20.6 

2.732 

27.0 

4.145 

8-0 

1.31!) 

14.5 

1,820 

21.0 

2.836 

27.5 

4.270 

8.5 

1.339 

1    15  0 

l.SfiO 

21.5 

3.021 

2».0 

4  398 

9  0 

1,360 

1.";  5 

l.»44 

22.0 

3  021 

28.6 

4  638 

u.s 

i,3M5 

16.0 

2.009     1 

22.3 

3.121 

39.0 

4. MO 

10  0 

1.4M 

16  5 

2.070 

23.0 

3,226 

20.6 

4.7M 

10  5 

1  410 

17.0 

2.1.11 

2a.  5 

3.531 

30.0 

4  930 

no 

1.482 

17  5 

2  226     1 

24.0 

3.441 

30.5 

5.008 

-^        1       — 


I 
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position  of  the  meniscus  in  the  neck  of  ihe  flask  is  marked.  If, 
however,  t.he  lempcraturp  of  the  water  is  not  15",  but  say  25.5% 
then  evidently  the  Mohr  liter  will  weigh,  accordiug  U>  the  follow- 
ing table,  908.095  gms. 

TABUI   »OIl   PBBrAHtMO    A   UORll   UTBH   AT  THU   NORMAL  TBMPFIUTtrHM   OF 
1.1,  17.5  asd  'JO*"  c.  accordiwo  to  W.  SCllLoaSKR. 


NorniKl  TciopcrBikiiaa. 

TemperatuK 

Df  WaUrr 

16" 

17,5' 

30" 

Gmna 

OrsmB 

Gram* 

15° 

1000,000 

10(H),  345 

1000.763 

IP 

W)9.871 

.217 

.(iM 

17 

.728 

.075 

.491 

IS 

.478 

999.023 

.339 

19 

.413 

.760 

.175 

20 

.237 

.5M 

1000  000 

21 

.053 

.400 

y99  S16 

22 

898.858 

.204 

.020 

23 

.662 

998.999 

.414 

24 

,437 

.783 

.199 

25 

.212 

.558 

998,073 

26 

907.077 

.323 

.739 

27 

,733 

.078 

.494 

28 

.479 

997. 825 

.240 

29 

.21S 

.563 

997.978 

3<J 

996  940 

.292 

.707 

Calibration  of  Measuring-flasks. 
A  flask  is  ehoBcn  with  a  lon^j  neck,  as  eyhodrical  as  possible, 
tiic  diameter  of  which  shouUl  not  exceed  a  certain  value. 


ContcnU 2000 

Diameter 25 


OKKATRflT   PRIlUISSmLi:    DlAMKTRTt   or   TlIB    HBCK 

&00      250      200       100 


1000 
18 


15 


250 
IS 


12 


12 


SO      25  CO. 
10       0  mm. 


The  flask  is  very  carefully  rlr^iin-ied,  and  dried,  after  which  it 
is  placed  upon  an  accurate  balance  and  counterpoised  by  a  tare. 
Beside  the  tare  weights  arc  placed  corre.iponding  to  the  volume 
of  the  fia^ik,  and  on  the  opposite  side  of  the  balance  weights 
correaponding  to  the  correction  obtained  from  the  table  on  page 
519  corresponding  to  tho  temperature  of  the  water  to  be  used, 
after  which  equilibrium  is  again  cslabllahed  by  pouring  distilled 
water  into  the  flask.  Care  is  taken  that  no  drops  of  water  arc  left 
suspended  from  the  sides  of  the  neck  above  the  water-level    if  an}' 


:  and  *  pieca  of  gnmniKi  paper  with  asfirui^  9dga  a  Cut- 
uoumi  the  neck,  d  (he  Oufc  so  Uuit  ita  uppar  ad^  is  just 
teagcnc  Co  the  deepnt  poai  of  the  wat^^r  oumwua.  Ths  &uk  u 
aow  empOR^  dried,  its  aeek  corered  with  a  omftHitt  lafsr  of  bees- 
wax,  ami  afiowcd  u>  cool;  this  osullf  reqalraa  about  fift?i?n 
mmntfw.  The  flaak  is  then  held,  aaiaBfaown  in  Fig.  S3,  against  the 
pieceof  wood^tbebEadeoCapoeins-kiiifetspUcMl  finnly  again  .t 
kba  lifter  cite?  of  the  thiefc  paper  ring,  ami  the  flask  U  revoiv;*i 
Ihnw^  Z&J*  uoaad  iu  horiaootal  axis;  m  this  way  a  eirelu  ia 
cut  ia  the  wax  lajcr.  Bf  means  of  a  fcaihcr  (Pig.  6,  p.  32)  a 
dnp  of  hydzoflooric  add  is  placed  along  this  circle  while  the 

I  hdd  in  the  boriaootal  posttioB.  By  luroing  the  flaak 
its  axis,  the  drop  of  hydroflnnric  acid  is  allowed  to  act 
opon  the  glaas  where  the  wax  eoatiDg  haa  been  cut.  At  the  end 
of  two  minutes  the  ex- 
of  hydrofluoric 
m  washed  off,  the 
BeefcoftbeflKkdhed 
by  meuM  of  filter- 
paper  and  heated  until 
the  wax  mdts,  when 
the  latter  can  be  read- 
ily wiped  off.  The  Last 
tnees  of  wax  are  re* 
mored  by  rubbitiK 
with  a  cloth  wot  with  j^y,_  gj_ 

aleobol.    As  it  is  |»»- 

able  that  the  eUluMl  circle  will  not  exactly  coincide  with  the 
upper  ed?o  of  the  |wi|ht,  ihi-  tliwk  ahmiM  always  be  tested. 

•The  atwinpt  •Iwml.l  nol  I-*"  ">n.t«  to  1p»i  the  corrwttw"  o(  ttw-  Mlibni- 
tfam  by  filJmn  iho  (la»k  willi  wnur  which  hu  1>«mi  brought  lu  a  .loriuito 
t«T>pc«tu«.:  it  ii  imiKwUtit.  oii  llw  otlwr  h«nd,  thai  ibe  Auk  wwl  wnlor 
riwuM  \»  •UowoJ  lo  rmonin  (or  «umo  timo  in  the  aanw  pbee  ia  oftlrr  tbat 
the  <43n^nt>irB  o(  iho  iwo  m^y  Iw  nwriy  U» 
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Testing  Calibrated  Flasks. 

The  flask  is  counterbalanced  with  a  tare  and  then  wd^ts 
are  added  to  the  tare  cor re-s ponding  tu  the  voUimc  of  the  Qask. 
The  flask  is  filled  with  distilled  water  up  to  Ibc  mark  iinj  equi- 
Jihrium  is  restored  by  adding  small  weights. 

Thus  in  testing  the  calibration  of  a  litt-r  flask,  it  was  filiud  three 
times  with  water  at  21.5"  after  it  had  beeu  coun  tor  balanced  with 
a  tare  when  perfectly  dry.  It  was  found  iiecussary  t«  place 
small  weights  on  the  side  with  the  filk-U  ilask  ainoiuitiii^  to 
2.987,  2.8y3  and  3.122  gma.;  average  3.001  gms.  If  the  Uask  had 
been  perfectly  accurate  it  is  found  from  the  table  ou  page  'j20  that 
the  small  weights  should  have  been  equal  to  2.1)21  gina.  for  water 
at  21,5*.  The  flask  is,  therefore,  3.001  -  2.92J  =0.0S0  cm.  too 
email. 

This  is,  however,  an  unusually  good  agreement.  According 
to  the  Hoyal  Commission  of  Uerliu,  the  alLowuble  error  ia  cal- 
ibrated  flasks  is  shown  by  the  following  table: 

FKRUIIMKn.K    £KKUn    FOU    Pl^KKH    CAI.I8KATED    FOII    CONTEtmS 

(The  ollownblc  errnr  for  niisks  calitJ^a^eJ  fur  dirlivco'  i^  twice  m  large.) 
Contents  , .   2000     llK)0     500      <00      .'tOO      250      :300       100  50    c.C. 

Error OS      0.2.'.    OH     O.Il     0.11     0.08     O.DS     O.OS       0.0.i  ex. 

Liter  flasks  which  arc  calibrated  fur  contents  arc  marked  in 

15*         .  ■        *      . 

Germany  1 1.  ~t^  (K)  in  case  they  are  calibrated   in  terms  of  true 

cubic  centimeters,  and  1 1,  j^s  (E)i*  in  case  they  are  calibrated  in 

Mobr  liters.  Flasks  calibrated  for  dcUvcty  are  marked  with  an 
A  instead  of  the  E. 

Calibration  of  Pipettes. 

It  is  best  to  have  pipettes  prepared  by  the  glass-blower  and 

to  etch  them  for  one's  self.  First  of  all,  the  pipette  must  be 
scrupulously  clean;  no  trace  of  fat  should  be  left  on  the  inner  sides 
of  the  tube,  for  it  will  cause  drops  of  moisture  to  adhere  and  escape 

17.5*  20" 

•  Or  -rrr  (E),  or  — —  E,  according  to  tlw  DomuU  temperature  eboMO. 
17.0  vHr 
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meaeurement.  The  pipette  is,  therefore,  cleaned  by  placing  it  in 
a  tall  beaker  containing  a  little  soap  solution  and  the  latter  is 
drawn  to  the  top  of  the  pipette  by  sucking  through  a  rubber  tube 
fastened  to  its  upper  end  and  which  is  provided  with  a  pineh-cock. 
The  solution  is  allowed  to  remain  in  the  pipette  for  about  fifteen 
minutes. 

The  alkali  is  then  allowed  to  run  out,  the  pipette  washed  with 
water  and  filled  with  a  warm  solution  of  chromic  acid  in  con- 
centrated sulphuric  acid.*  This  is  allowed  to  remain  from 
five  to  ten  minutes  in  the  pipette  and  is  then  removed,  the  tube 
washed  first  with  water  from  the  tap  and  finally  with  distilled 
water. 

The  pipette  is  now  clean  and  ready  to  be  calibrated.  A  long 
atrip  of  paper  is  fastened  upon  the  upper  part  of  the  tube,  the 
lower  end  is  closed  with  the  finger,  and  the  pipette  is  filled  with 
water  which  has  stood  for  some  time  in  the  balance  room,  from 
another  of  the  same  size  or  from  a  burette.  The  position  of  the 
bottom  of  the  mensicus  is  noted  with  a  lead-pencil  upon  the  paper 
which  was  fastened  to  the  side  of  the  pipette.  Assume,  for 
example,  that  it  is  desired  to  calibrate  a  10-c.c.  pipette,  and  that 
the  water  to  be  used  is  at  a  temperature  of  18".  According  to  the 
table  on  p.  4S0  one  liter  of  water  at  18°  weighs  in  the  air  exactly 
1000-2.303  =  997.70  gms.,  consequently  10  c.c.  should  weigh 
9.9770  gms. 

The  point  of  the  pipette  is  dipped  in  water,  and  this  is  sucked 
up  into  the'  pipette  by  placing  the  mouth  at  the  upper  end  until 
the  water  is  above  the  pencil  marking.  The  top  of  the  pipette  ia 
then  closed  with  the  finger,  the  water  adhering  to  the  outside 
carefully  wiped  off,  and  that  inside  is  allowed  to  run  into  a  beaker, 
with  the  point  of  the  pipette  against  the  walls,  until  the  upper 
meniscus  in  the  stem  la  exactly  on  the  mark.  The  contents  of 
the  pipette  arc  then  allowed  to  run  into  a  tared  beaker  which  is 
covered  with  a  watch  glass,  or  into  a  glass-stoppered  weighing- 
beaker,  allowing  the  water  to  flow  along  the  walls  of  the  beaker. 
Now  on  weighing  the  beaker  again  it  is  perhaps  found  that  the  gain 


*A  wlutioQ  of  potosiium  dichromate  ia  coQcentrated  eulphuric  acid  can 
be  used. 
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in  weight  is  9.92')7  gins,  or  9.^)770-9.0257  =  0.0513  gms.  too  little. 
A  sccotid  mark  is  therefore  made  a  little  higher  up  on  the  paper 
attachcil  to  the  stem  of  the  pipette,  and  the  above  process  is 
repeated.  If  necessary  a  third  mark  is  made  until  finally  the 
weight  of  the  water  docs  not  vary  more  than  5  mgms.  from  that 
CompiiLcd. 

TUfi  blri])  (if  paper  is  then  cut  off  at  exactly  the  corriict  mark,  a 
strip  of  gummed  paper  is  placed  round  the  pipette  at  this  point, 
and,  after  the  gum  has  dried,  it  is  covered  with  a  layer  of  tieeswax 
and  elphed  with  hyiirofluorie  acid  as  d&scribcd  on  p.  523.  .\fter 
the  mark  has  been  etched  upon  the  pipette,  it  is  filled  with  water 
up  to  ihe  mark  and  emptied  into  the  tared  flask.  Thia 
operation  is  repeated  three  times  and  the  mean  value  is  taken  as 
correct. 

Pipettes  may  be  emptied  in  several  ways: 

1.  By  allowing  the  contents  to  run  out  freely  with  the  pipette 
held  vertieally.  At  the  end  the  end  of  the  pipette  is  touched  to 
the  sides  of  the  heaker.  A  drop  of  the  liquid  will  then  always 
remain  in  the  pipette. 

2.  The  solution  Is  allowed  to  run  out  while  the  point  of  the 
pipette  is  held  against  the  side  of  the  vessel  into  which  the  liquid 
is  being  delivered. 

All  other  methods  of  emptying  pipettes,  especially  that  of 
blowing  at  the  last,  are  to  be  abandoned.  At  all  evonti,  it  is 
always  necessary  to  use  the  pipette  in  ike  same  way  as  in  the  caiibro' 
Hon. 

The  "  kaiserl.  Normaleichungskommision  "  allows  the  fol- 
lowing error  in  pipettes. 


ContcnW  of  pipette  ,     100 

Error  in  p.c 0.07 

Errar  io  per  cent. .. .  0.07 


50 

25 

20 

10 

2 

1     ejD. 

0.05 

0.025 

0.02S 

0.02 

O.DOG 

0.U06 

0.1 

0.10 

0.126 

0.2 

0.3 

0.6 

p 


It  is  possible,  however,  to  prepare  pipotte-s  which  are  more 
accurate  than  this;  thus  the  author  by  using  pipettes  as  reoom* 
mended  above  obtained  the  following  valuea: 


L 


50 e^.  F^pecce:  -t9.'J!*M,  W.!WU>,  W.m-U  \i'  \i\  ^^l^MU 

aOtc.  Pipette:  20AKVn».  .VaXHVS.  J^l^V^»^  \\\-w  .HMn»m 

and  ID  the  same  way : 

10  C.C.  Pipetto:  /  -D  Of)M",„     /''     fi  lt«i) 

5  C.C.  Pipette:         /-((ill  I,     /''    htttih':',. 


"^^^  "^    «■-■.,:  .','      I.         ■  I      //   ■■,    y,  ■/ ^        / 

"JHr?£:r-*     ..   -.,  -  ,.,  .  .   ^     ,  .    .  ,■ 
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drainc^l  oomplptoly  In  thia  timp,*  but  according  to  Wagner  f  it 
IB  HufficLcrilly  so  for  prncticnl  puqiosos. 

Burette.i  with  rubher  tubing  at  the  bottom  gradually  change 
with  regard  lo  the  amount  delivered  on  account  of  the  rubber 
losing  its  elasticity.  For  this  reason  the  tubing  should  be  made 
quite  short  and  wlien  it  begins  to  get  old  it  should  be  n-newed. 

The  corrections  obtained  as  above  are  l>edt  tabulated  by 
means  of  a  pbt  in  which  the  burette  readings  arc  taken  as 
abscissae  and  the  corrections  as  ordinatos.  By  connecting  the 
points,  a  cur\'c  is  obtained  by  means  of  which  the  correct  reading 
of  all  parts  of  the  burette  can  be  obtained  at  a  glance. 

Method  of  Readitnj  Burettes. 
Although  in  the  case  of  graduated  flasks  and  pipettes  the 
markii  are  cairied  around  the  whole  circumference  of  the  lube,  in 
^       6      the  case  of  burettes  this  is  not  usually  done.J  so  that  it 

niM  ft  matter  of  some  difficulty  to  determine  with  certainty 
the  exact  position  of  the  lowest  part  of  the  meniscus. 
To  avoid  a  parallax  error  a  number  of  means  have  been 
devised.  Thus  floats  are  often  used  such  ftsareshoft*n 
in  Kig.  HI,  a  and  b;  the  former  rcproscnUs  that  of  IJeuttcl 
^^'  **■  and  tlie  latter  that  of  Rey.  Around  the  bulb  of  a  a 
circle  is  etchi-d,  and  if  the  eye  is  in  the  correct  position,  it  appears 
to  the  observer  as  a  htruiglit  line.  The  liquid  in  the  burette  is  ai 
the  zero-mark,  when  the  projeetion  line  from  the  eireic  on  the  lloat 
exactly  coincides  with  the  line  at  the  zero-point  on  the  burette. 
In  the  case  of  dark-colored  liquids  it  is  difficult  to  see  the  circle  in 
the  ease  of  the  float  a,  but  thia  difficulty  is  overcome  in  6  by  the 
circle  being  etched  upon  the  upper  bulb  (in  tlic  figure  the  latter 
is  drawn  too  sniall).  Such  floata  arc  weighted  ao  that  the  upper 
bulb  rises  above  the  level  of  the  liquid  in  the  burette;  it  is, 
therefore,  easier  to  make  a  reading  with  the  float  devi«ed  by 
Ucy  than  with  that  of  Reuttcl.  In  refilling  the  burette,  the 
former  float  aswumcs  an  inclined  position;    it  must,  therefore, 


■ 


•  W.  Sehlnasir.  Chnm.  Zt«.,  H04,  4. 
t  HabiLitAtintLiachrift,  Lvipxifi,  180S. 

X  Such  liurettcs  am  h«  purcluisod,  huwaver,  and  very  accarato 
ean  be  made  witb  thmu 


rate  rciwlingB  1 


line  upon  a  background  of  milky  glass  as  is  shotm  In  Fig.  S5, 

Whpn  the  eye  Is  in  the  correct  position,  this  dark  line  ia  apparently 

cirAwn  ntit  (nl/i  two  points 

asBhnwn  in  h,  wherras  if  ihe 

Dye  w  too  low  the  ai^iiettr- 

nnee  a  is  ohtAinrd,  or  c  if 

the  oye  U  loo  high. 

KreitUng  f  has  prov<^d, 
howcvpr,  that  the  uac  of 
floats  Li  likely  to  load  to 
error,  and  experiments  hove 
also  show7i  that  the  SchcU- 
bftch  buretlea  ore  not  olto- 
K^iher  reliable.  Better  than 
these  ia  the  Bcrgmonn's  aoreen  as  improved  by  GOckcl^   If  burettes 

•ThU  (liffieiiUy  is  overcomu  by  Diolhflm  by  placing  hdow  the  intgo 
bulL  a  H-ctioi  "llutU'nisl-out"  bulb,  aaii  \a  ihia  cue  tli«  float  will  not 
ntincli  iUi'tf  In  Uk-  udoa  of  the  burette,  M  that  it  u  not  nccewry  to  remor* 
it  in  tvfiUinit  the  bun-ttn. 

tZ.  angew.  (  hr-tn  .  IIHMI.  Kffi,  OOO:   IMS,  4. 

(Cbem.  Ztg.,  ItlUl,  liJiH.    1.  ntigeir.  Chem.,  \&\iH,  1856. 
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arc  usodon  which  the  (iivisionscxU'iul  atleasthalf  around  the  tube, 
aiul  Lbv  eye  iij  pliicud  hu  Lhal  tliu  iiiii;  uii  ihu  back  of  the  burette 
coinciJc-N  with  thai  dii  Ihc;  front,  Ihun  with  the  use  of  this  BCieea 
very  exact  results  are  obtained. 

licrgmanii's  screen,  whlc^h  caii  be  ui^cd  to  advantage  with  all 
kinds  of  vessel,  consisLs  of  a  wooden  tc^t-tubc  holder  painted  a 
dull  blatk  (Fig.  86).  Tlie  reading  is  jnade  easier  if  a  piece  o£ 
ground  glasH  or  a  strip  of  oiled  paper  is  held  behind  the  burette^ 
or  fastened  to  the  screen  itself. 

The  "  koiaerl.  Nonnalaichungskommission  "  gives  as  tho 

Allowable  Erroh  for  Burettes. 

Coatvnts 100        "5        50        30         10  2  c*. 

0.08    O.OO    O.Oi    0.03    0.03    O.00SO4. 


Nonnal  Solutions. 

By  a  nomxal  solution  in  understood  one  which  contains  one 
"  Rra in-equivalent  "  of  the  active  reagent  dissolved  in  one  hter  of 
solution.'  By  "  Eram-equivalent  "  is  meant  tho  amount  of  sul>- 
stance  corresponding  to  one  grjun-atoin  (1.0(18  gnis.)  of  hydrogen. 
For  convenience  in  computation  the  euiiL-eiitrntion  uf  solutions  used 
for  volumetric  purijosifs  are  cxprej^wed  in  terms  of  their  nomial- 
ity;  i.e.,  a  solution  is  2  nornud,  ^  iiorniiil,  ^  normal,  etc.  The 
letter  N  ia  used  as  an  abbreviation  for  normal. 

The  gram  equivalent,  or  weight  retjuired  to  make  a  liter  of 
nomial  solution,  depends  upon  the  natun>  of  the  reaction  involved. 
It  often  happens  that  the  same  solution  hsus  a  eertain  normal 
concentration  when  used  for  one  purpose  and  a  tlifloreiit  nonnal 
concentration  when  used  for  another  purpose.  The  reagents 
used  in  volumetric  analysis  arc  acli'.ri,  bases,  oxidizing  agents,  re- 
ducing agents  and  precipitants. 

The  equivalent  weight  of  an  acid  is  determined  by  the  number 
of  replaceable  hydrogen  atoms  in  the  acid  molecule.  Thus,  to 
make  a  normal  solution  of  the  monobasic  hydrochloric,  hydro- 
broniic,  hydriodic,  nitric  or  acetic  acids,  it  is  neceiSriary  to  have  a 

*  It  is  importunl  to  nntc  Umt  a  iioniia]  wtlutiuri  ta  nut  properly  detinnj  as 
one  coiitainins  a  itram  et|uivnleiit  in  I  lit«r  uf  solirtU.  In  volumetric  oiuUj'sm 
the  unil  M  alwayii  RrfcrnHl  to  the  volume  of  the  solution. 
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molecular  weight  in  grams  of  the  acid  dissolved  in  a  liter  of  solu- 
tion. A  molecular  weight  in  grams  is  often  called  one  moU 
(cf.  Vol.  I). 

Sometimes,  however,  it  is  not  convenient  to  react  with  all 
the  replaceable  hydrogen  atoms  of  an  acid.  In  fact  some  acids 
are  so  weak  that  they  cannot  be  used  in  volumetric  analysis. 
Carbonic  acid,  for  example,  has  no  appreciable  effect  upon  methyl 
orange  and  only  one  of  the  two  hydrogen  atoms  in  H2CO3  is  acid 
toward  phenolphthalein. 

Ffaraphoric  acid,  H3PO4,  really  has  three  replaceable  hydrt^ns 
but  only  the  first  is  acid  toward  methyl  orange  and  two  hydrogen 
atoms  are  acid  toward  phenolphthalein.  In  titrating  with 
methyl  orange,  phosphoric  acid  acts  as  a  monobasic  acid  and  the 
normal  solution  contains  one  mole  per  liter.  With  phenolph- 
thalein as  an  indicator,  phosphoric  acid  acts  as  a  dibasic  acid 
and  oiu-half  mole  per  liter  will  make  a  normal  solution  of  phos- 
phoric acid. 

A  normal  solution  of  a  base  will  contain  one  mole  of  replaceable 
hydroxyl.  Thus  of  potassium  hydroxide,  KOH,  sodium  hydroxide, 
NaOH,  and  ammonium  hydroxide,  NH4OH,  one  mole  per  liter 
makes  a  normal  solution.  Of  barium  hydroxide,  LaCOHs),  cal- 
cium hydroxide,  Sr(0H)2  and  strontium  hydroxide,  Sr(0H)3 
only  one-half  mole  is  required.  Magnesium  hydroxide  is  not 
appreciably  soluble  in  water,  but  it  is  convenient  to  use  the  con- 
ception of  normal  solution  to  determine  how  much  will  be  dis- 
eolved  by  an  acid  solution  of  known  strength.  One  liter  of  normal 
hydrochloric  acid  will  dissolve  one-half  mole  of  Mg(0H)2. 

Salts  of  weak  acids  and  strong  bases  have  an  alkaline  reaction. 
With  methyl  orange  as  indicator,  sodium  carbonate  reacts  with 
two  moles  of  hydrochloric  acid;  hence  the  equivalent  weight  is 
on&4ialf  mole  of  sodium  carbonate.  With  phenolphthalein, 
however,  the  end  point  is  reached  when  one  mole  of  sodium  car- 
bonate has  reacted  with  one  mole  of  hydrochloric  acid;  in  this 
case  the  normal  solution  will  contain  one  mole  of  sodium  carbonate. 

The  equivalent  weight  of  an  oxidizing  agent  is  determined 
by  the  change  in  polarity  which  the  reduced  element  experiences. 
Tha  polarity  of  an  element  is  the  sum  of  the  positive  and  negative 
■valence  bonds  which  it  has  in  a  compound;  it  represents  the  state 
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of  oxidation.  Usually  the  polarity  is  the  same  as  the  valence,  but 
sometimes,  as  is  true  of  the  nitrogen  atom  of  an  ammonium  salt, 
there  is  a  difference.  Nitrogen  in  the  ammonium  radical  has  a 
valence  of  five,  but  four  of  the  bonds  are  negative  toward  hydrogen 
atoms  and  the  fifth  lx)nd  is  positive  toward  the  acid  ion  of  the  am- 
monium salt.  The  polarity  of  nitrogen  in  an  ammonium  salt  is  —3 
and  it  corresponds  to  the  same  state  of  oxidation  as  ammonia,  NH3. 
When  potassium  permanganate  is  used  as  an  oxidizing  agent, 
Ibc  manganese  drops  to  a  lower  polarity.  In  permanganate  the 
polarity  of  the  manganese  atom  is  +7  and  in  most  reactions  used 
in  volumetric  analysis,  the  manganese  is  reduced  to  manganoua 
salt  in  which  the  manganese  has  a  polarity  of  +2: 

MnOr+oFe+^+SH-*  -»Mn+++5Fe+  +  +  +4H20, 
2MnOr3+ 101 "+  !6H^  -*  2Mn+  +  +5l2+8HaO. 

A  nonnal  solution  of  pntasHium  permanganate,  therefore,  will  con- 
tain one-fifth  of  amolcof  KMnO^bci'auscthcatomof  manganese 
loses  5  positive  charges  in  changing  from  a  polarity  of  -t-7  to  +2. 
Sometimes,  however,  the  manganese  of  potassium  perman- 
ganate is  reduced  only  to  the  quadrivalent  state.  Thus  a  nejirly 
neutral  solution  of  a  manganous  salt  can  Ixi  made  to  react  with 
permanganate  as  follows: 

2MnO;-H3Mn+  +-J-2H30-*5Mn02-f-4H*. 
In  this  case  the  manganese  atotn  in  pcniianganate  only  loses  three 
charges  and  a  normal  solution  of  pcrmanganato  will  contain  only 
one-third  of  a  mole  of  the  reagent.  Usually  ireriiianganate  is  stand- 
ardized by  a  reaction  in  which  it  is  reduced  to  manganous  salt. 
Throughout  this  book,  therefore,  a  normal  solution  of  permanganate 
will  refer  to  one  containing  one-fifth  mole  of  KMnO*  per  liter. 

Potassium  dichromalc  is  often  used  as  an  oxidizing  agent.  In 
it  each  chromium  atom  has  a  polarity  of  +G  and  by  reduction 
two  trivalent  chromic  ions  are  formed.  Tliere  is  a  loss  in  [xjlurity 
of  tlirce  charges  for  each  chromium  atom  and  a  normal  solution 
of  potassium  dichromate,  KaCrjO;  will  contain  one-sixth  of  a  mole.* 

*'l'he  valence  of  an  ion  U  tli«  alKi^bmie  HUm  vi  Uio  iKtlaritiw  of  ttj  coi^ 
KlitiR-nU.  Exci>pt  in  pcmxiclw,  OTygeu  baa  a  polarity  of  —2.  Th«  polarity 
o[  the  chromium  can  t>e  determined  from  the  charge  of  the  ion  and  that  of 
the  oxygen.    Tiiu  tsamv  ht  Inic  of  pormangftnate  or  of  any  other  complex  ioa.    ' 
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Cr!iOf+6re+++14H+-*2Cr**++6Fe*  +  +  +7HsO; 
CrjOf  H-Cr  +  UH *  -.2Cr* **  +3I2+7H20; 
CraO?+3Sn+*-+14H*--»2Cr++++3Sn+***+7H20; 
OaOf+SHiS+SH*  -2Cr^**+3S+7HaO. 

In  like  manner,  tfie  eqtiivalcnt  weight  of  n  reduciDK  agent  is 
determined  by  the  gain  in  pokrity  which  the  oradited  elemeat 
experienoefl.  Fe-irous  salts  arc  oxidized  to  ferric  salt^  and  the  iron 
is  changed  from  +2  to  +3  in  pohrity.  Of  ferrotis  sulphate, 
FeSOi-7H20,  or  ferrous  ammonium  sulphate, 
FtiSO«-CNH4)aS04  6HaO, 
a  normal  solution  will  ronfain  one  mole  of  either  salt  per  liter. 

As  prcripiiants,  the  normal  Bolulions  are  referred  to  the 
afanplest  type  of  salt  in  which  each  constituent  has  a  valence  of 
one.  Thus  of  sodium  chloride  NaCl,  and  of  silver  nitrate.  ArNOj, 
a  normal  solution  will  contain  one  mole  per  liter.  Of  aodium  sul- 
phate, Xa3S04>  barium  chloride,  RaCl^,  and  ntaguesium  sulphate, 
Mgi^Of,  a  normal  solution  will  contain  one-half  mole  per  liter. 

If  |K)tasi«ium  dicbromate  is  used  as  n  precipitant, 

Cr20r+2Ba+  +  +2CsH3(^+Hj0-*2BaCrO4+2HC3H30a, 
the  normal  solution  will  contain  one-fourth  mole  per  liter. 

Oxahc  acid  and  the  acid  oxalates  are  used  sometimes  aa 
acids  and  aometimefl  as  reducing  agents.  Oxalic  acid,  HjCiO^, 
has  two  replaceable  hydrogens  when  titrated  against  alkali  with 
phenol phthalcia  as  indicator,  and  a  normal  solution  as  an  acid 
contains  one-half  mole  per  liter; 

H2C204-|-2NaOH-.Na2Ca04+2H20, 
or  2H+-*-20H--»2H20. 

Oxalic  acid  also  reacts  with  pennaoganate  in  accordance 
with  the  following  equation: 

SCaOr-f-2MnO7-l-16U*-»2Mn*  +  -|-8H3O-l-10CO2. 
From  the  fact  that  the  nonnal  solution  of  permanganate  contains 
ono-fifth  mole  per  liter,  it  ia  clear  that  the  equivalent  wcij»ht  of 
oxalic  unid  as  a  reducing  agent  is  one-half  iihiIc,  jiiKt.  »»  when  acting 
as  an  arid.  In  this  case,  however,  the  reducing  power  has  nothing 
whatever  to  do  with  the  hydrogen  ion  content  of  oxalic  acid,  for  the 
above  reaction  takes  phicc  in  the  presence  of  a  mineral  acid.    The 
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valence  of  carbon  in  oxalic  acid  is  four  and  the  structural  eymbol, 
leavii^  out  the  water  of  cryetallizatiou,  is  nTiticn  tbus: 

0  =  C— O— H 
0=i-0— H 

This  structural  ajinbol  shows  that  each  carbon  atom  is  positive 
toward  three  atoms  of  oxygen  hut,  on  the  assumption  that  one  end 
of  each  valence  bond  is  positive  and  the  other  negative,  one  bond 
of  a  carbon  atom  is  positive  toward  another  atom  of  carbon. 
The  polarity  of  one  carbon  atom  is,  therefore,  +4  while  that  of  the 
other  carbon  atom  is  -f  2.  When  oxalic  acid  is  heated,  H2O,  CO 
and  CO2  arc  formed,  which  agrees  with  this  assumption.  The 
average  polarity  of  the  carbon  in  oxalic  acid  is  +3  and  this  same 
result  is  obtained  by  applying  the  rule  given  in  the  foot-note 
on  page  532  to  the  CaOf  ion- 

By  the  reaction  with  permanganate,  each  carbon  atom  is 
changed  to  carbon  dioxide.  The  reducing  power  of  oxalic  acid, 
therefore,  is  due  to  the  CzOf  ion,  and  this  ion  is  equivalent  to 
two  atoms  of  hydrogen  as  a  reducing  agent- 

Potassium  acid  oxalate,  KllCzOt,  can  be  used  as  on  acid 

KHCaO^+KOH  — KaCaOt+HaO, 

In  which  case  the  equivalent  weight  is  one  mole  of  KHC2O4, 
but  as  a  reducing  agent  the  reducing  ix>wer  is  due  to  the  oxalate 
group  and  a  normal  solution  will  contain  only  one-half  mole  of 
KHCaOi.  A  solution  of  KHCa04  which  is  normal  as  an  acid 
will  be  twjce  normal  as  a  reducing  agent. 

Fotaaaium  tetroxalate  behaves  similarly.  Ab  an  acid  it  has 
three  replaceable  hydrogens  and  the  equivalent  weight  is  one- 
third  of  a  mole: 

KHCa04H2C30i-2H30+3NaOH— KNaCa04+Na2C20*+5HjO. 

As  a  reducing  agent,  potassium  tetroxalate  has  two  CjOf  groups 
and  the  equivalent  weight  is  one-fourth  mole.  If  a  solution  of 
potassium  tetroxalate  contains  one  mole  per  liter  it  is  3-nonual 
as  an  actd  and  4-nunnat  as  a  reducing  agent  and  the  same  relation 
holds  of  all  concentrations. 
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Preparation  of  n<niiial  Solutions. 

The  required  amount  of  substance  should  be  dissolved  in 
water  at  15*  and  diluted  to  a  volume  of  1  liter  while  at  this  tem- 
perature. In  most  cases,  however,  the  water  is  not  at  the  normal 
temperature  of  16°,  m)  tliat  it  is  customary  to  dissolve  the  liubstauce 
in  water  at  the  laboratory  temperature  and  tbeu  dilute  the  solution 
up  to  the  mark  in  a  liter  flask.  After  thoroughly  mixing  the 
solution,  its  temperature  is  taken  by  a  aensitivc  thermometer. 
If  the  temperature  is  alxjve  15*,  us  is  usually  the  case,  the  volume 
of  the  solution  would  be  less  tlian  1  liter  if  it  wore  cooled  to  exactly 
lo",  m  that  the  solution  us  made  up  is  a  little  too  strong.  The 
error  can  be  computed  as  follows:  ■ 

Not  only  the  solution,  but  'he  glass  of  the  Bask  should  have 
been  at  the  nunnal  tem|K:rature  of  IS*.  The  coefficient  of  cubical 
oquinsioa  for  glass  may  be  taken  as  a,  and  that  of  the  solution 
as  ff.  The  volume  of  the  Rask,  and  that  of  the  solution  is  equal  to 
1000Il+a(/— 15)1  c.c,  but  this  volume  of  solution  at  t°  would 
assume  at  15*  a  volume  of 

^      l+fl(i-15J*''^* 

RchlSeacr  *  has  worked  out  the  follo«-ing  table  (see  page  534) 
to  sliow  how  nmch  greater  or  less  a  given  volume  is  at  different 
temperatures  than  it  would  be  at  exactly  15*. 

The  use  of  tlie  tables  on  pp.  534,  530  and  537  can  be  best  ex- 
plained  by  a  few  examples: 

1.  A  liter  Qaek  is  calibrated  to  contain  exactly  1000  true  c.c. 
at  15".  A  normal  solution  of  sodium  hydroxide  is  prepared  at 
25°.  The  table  shows  that  the  solution  at  25*  would  occupy  at 
15"  2.S5  c.c.  less,  so  that  in  order  to  make  the  solution  exactly 
normal,  2.S5  c.c.  of  water  should  be  added. 

2.  In  a  titration  47.35  c.c.  of  normal  aodium  hydroxide  solution 

were  u*xl  which  was  at  a  temperature  of  19*;    this  amount  of 

sylution  would  at  the  normal  temperature  occupy  a  volume  of 

._„    47.35X0.76     ,__,  ^^ 
47.35 jg^^ —  —  47.31  e.c 

3.  If  a  normal  solution  of  common  salt  is  prepared  at  25**,  it 

*  Cbem.  Ztc.,  UKM.  4;  IMS,  SIO.  " 
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TABLR  TOK  THi:  RKDt'rTION  OF  THE  V'JLmi!  or 

WATEB,   NORUAL.   AND  TKNTQ 

NOUJUAL  8CJ1.UTI<»NH  TO   THE    NORMAL   TBUrERATl'ltE    Dl-    13° 

c. 

Tdm- 

W  Mo  rand 

7,n. 

llCL 

V.ii- 

ttiCiUl. 

•A  n. 

'An. 

H.S'Oi 

7,n. 

N«OH 

S" 

+  0.00 

+  1.26 

+  1.33 

+  1,SM 

+  2.00 

+  2.03 

+  2.18 

8 

0  tiO 

1.18 

1,25 

i.;y 

\  m 

1.87 

1.99 

7 

0  oW 

1  10 

1  16 

1  01 

1  68 

1.69 

1.80 

8 

0  56 

1.00 

1  03 

1  46 

I.AO 

1.50 

1-60 

9 

U  52 

U.88 

O.tM 

1  2S 

1.31 

1.31 

1.39 

10 

0.40 

0  "6 

0  81 

l.W 

l.ll 

1.11 

1.18 

11 

U.40 

U  6^ 

U  (>7 

0.89 

O.Dl 

0.90 

o.gfi 

13 

0.33 

0  4$ 

0.52 

0.6S 

0.09 

0  G9 

0.7.'J 

13 

0  22 

0.33 

0,35 

0.46 

0.46 

0  47 

0-50 

U 

+  (1  r_> 

+  0  17 

t^ll    IS 

+  0  23 

+  0.23 

+  0.24 

4  0.26 

15 

0  m 

0  oo 

0  no 

OflO 

0,00 

o.oo 

0.00 

16 

-0  13 

-0.18 

-0,20 

-0.24 

-0.25 

-0.24 

-0.25 

17 

0/7 

0  :i6 

0  40 

0  49 

0  50 

0,49 

0.51 

IS 

0.42 

0  50 

0-61 

0.75 

0.76 

0.75 

0.78 

10 

0.S9 

0  76 

0.82 

1.02 

1.03 

1.02 

1.05 

20 

-0  70 

-0.97 

-1.05 

-1.30 

-1.30 

-1.29 

-1.33 

21 

0.95 

1.10 

1.29 

1.58 

1,58 

1.57 

1.62 

22 

l.M 

1  41 

1,5^1 

1.S6 

1.87 

1  85 

1,92 

23 

t.35 

l.(H 

1.80 

2.15 

2-17 

2-14 

2.23 

24 

I.»i 

1.88 

2.07 

2.45 

2.47 

2.44 

2.54 

25 

i.7y 

2.14 

2,34 

2.76 

2.7.S 

2  75 

2.85 

20 

2. 02 

2.10 

2.62 

3. OS 

3.10 

3.06 

3.17 

27 

2  27 

2  67 

2.00 

3.41 

ZAA 

3.38 

3.50 

28 

2.52 

2,95 

■A    lit 

3.75 

3.76 

3,70 

3,83 

20 

2.75 

3.23 

3.4^ 

4.09 

4.10 

4.(H 

4.17 

80 

-3.06 

-3.62 

-3.82 

-4.43 

-4.44 

-4.38 

-4.52 

is  evident  that  tho  volume  of  ono  liter  when  roduccil  to  the  normal 
temperature  would  be  1000— I.7U-9U8.21  c.c.  The  solution  Is, 
therelorc,  too  strong,  for  it  contains  as  much  soilium  cliloritlo  as 
should  be  present  in  1000  c.r,  at  the  normal  temperature.  1  c.c. 
of  this  solution  is  equivalent  to  1.0018  c.c.  of  a  normiil  solutioa 
prepared  nt  15*. 

This  number  ia  called  the/ocfor  of  the  solution,  for  if  the  number 
of  cubic  centimeters  actually  uacd  is  multiplied  by  it,  tho  result 
reprtwents  the  corresponding  number  of  cubic  ccntimctora  of 
exactly  Ivnth-normiil  solulion. 

Similurly  in  all  future  experiments,  the  actual  volume  should 
be  n'ducfd  lo  Lin;  nonnal  temperature  wlion  the  groatnst  accuracy 
is  deeiired.     This  reduction  can  be  accomplished  by  means  of  tho 
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tables  on  pages  536  and  5.t7  for  tcnl,h-normaI  solutioi,  and  by 
the  table  on  p:igo  534  for  moro  otmccntrat^d  solutions. 

If  20  c.c.  of  a  tenth-normal  solution  ia  uictl  at  25*  this  would 
correspond  at  the  normal  temperature  of  15"  to  20—0,04  =  19.90 
c.c.  (cf.  p.  537). 

Xow  cnlibratcd  vessels  servo  not  only  for  the  measurement  of 
water  but  for  other  ililuto  and  concentrated  Uijuids.  The  question 
ariwH  tin  to  wliether  tlio  vohmirs  as  determined  by  weighing  water 
are  accurate  for  thotw  !if|iii(lfl  which  difTcr  greatly  from  water  ai 
rcgar<ls  vUcosity,  adhesion  and  capillarity.  In  the  case  of  vcs.selj 
calibrated  for  contents,  the  only  difference  is  that  arising  from  tha 
different  nature  of  the  meniscus;  but  even  in  the  most  unfavnrablo 
iiistancea  no  appreciable  error  is  occasioned.  SchlO.sser  and 
Grimm  •  Iiavc  carefully  studied  the  amount  of  error  in  veaseU 
calibrated  fcr  delivery.  According  to  them  there  is  no  correction 
nceclcil  for  t<?nth-normaI  solutions  except  in  the  case  of  iodine. 
With  normal  soUitions  a  correction  is  needed  at  the  moat  only 
with  liydrochloric  and  oxalic  acids  and  with  Uquida  in  the  nature 
of  alkalies  and  ferric  chloride  (1  c.e.  =0.0]2  gm.  Fe).  In  the 
case  of  concentrated  liquids  it  is  those  containing  alcohol  in  which 
the  deviations  arc  most  marked.  Thus  Boutron  and  Iloudct  found 
that  with  an  alcohol  soap  solution,  0.255  c.c.  less  was  delivered 
from  a  100  c.r.  pipcMe  than  of  water,  and  from  a  25-c.c.  pipette, 
0.103  c.c.  IcjB.  With  conccntrate<l  alkalies  and  acid.s  the  devia- 
tions were  also  quite  marked;  thas  with  95%  sulphuric  acid, 
0.112  C.P..  less  were  delivered  from  a  !00-c.c.  pipette  and  O.0S5  c.c. 
kflB  from  a  10-c.c.  pipette  than  when  water  was  used.  The 
amount  of  time  allowed  for  the  draining  of  the  pipette  exerts  an 
important  effect  in  this  connection.  If  the  pipette  is  allowed  to 
drain  for  a  long  time  the  negative  correction  becomes  smaller 
and  may  even  heeome  positive.  It  would  be  well,  then,  for  the 
chemist  to  determine  the  amount  of  time  required  to  drain  a 
pipctt*-  with  water  anrl  with  any  other  liquid,  and  if  the  difference 
exceeds  two  seconds  tfl  then  dctt-rmine  the  conteola  of  the  pipette 
for  the  other  liquid.  If  it  be  desired  to  avoid  this  difficulty,  the 
pipettes  may  be  graduated  both  for  contents  and  for  deliverj-. 
The  pipette  ia  then  filled  with  the  special  liquid  to  the  mark 

•Chem.  Zlg,  l«Ot,  1071. 
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TABLE    FOB    THB    BEDUCTION    07    THE     TOLTTUE    OT    A   N/10 
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oorreepouditig  to  the  fonnor  gmiUmtion,  it.  i»  alltiwuil  Ui  drain, 
and  then  the  remaining  solution  u>  carefully  wanhed  out. 

Subdivisions  op  Volumetric  Analtsis. 
I.   Acidimptry  and  Alkalimcliy. 
II.    Oxidation  and  Ueductjon  I*roccsse8. 
III.    Precipitation  rrocesscs. 

I.  ACimMKTRV  AND  ALKALIMETRY. 

Thifl  covers  tlie  armlysis  of  ncids  and  ba.'^es.  In  order  to  deter- 
mine the  amount  of  aci(3  present^  an  alkaline  solution  of  known 
strength  U  required;  anr!  converaoly,  in  the  analysis  of  a  base, 
an  acid  solution  w  required.  In  both  coses  the  "end-point"  of 
the  reaction  ia  dctomiinwl  with  tlic  help  of  a  suitable  indicator. 
The  accuracy  of  the  result  depends  largely  upon  the  choice  of 
the  indicator,  so  that  at  this  place  a  few  words  will  be  said  with 
regard  to  the  indicator*  most  frequently  used  for  detecting  the 
presence  of  acids  or  alkalies. 

Indicators. 

The  indicators  used  in  acidimotry  &nd  atkulimctry  arc  dycstufTa 
which  are  of  one  color  in  acid  solutionii  and  another  color  in  dilute 
alkidi.  They  are,  as  a  rule,  weak  acids;  though  Home  of  them  arc 
weak  bases.  It  has  been  found  that  in  organic  coiupounds  the 
color  can  usually  bo  traced  to  a  particular  arrangement  of  atoms 
called  a  chromophor.  The  change  in  color,  thorcfnrc,  .'s  rau  -o  I 
by  a  slight  rearrangement  of  the  atoms  in  the  molecule.  Tbus, 
if  the  salt  of  an  indicator  acid  is  yellow  and  on  treatment  with 
acid  it  turns  red,  this  is  due  to  the  fact  that  when  the  free  indi- 
cator acid  is  set  free  by  the  action  of  the  stronger  acid,  it  under- 
goes a  change  whereby  a  slight  change  lakes  place  in  the  way 
the  atoma  are  linked  together  in  the  molecule,  and  in  fact  thereby 
loses  temporarily  the  ability  lo  dissociate  etectrolyticidly  as  an 
acid.  It  is  not  sufficient,  however,  to  assume  tbat  tbis  change 
of  color  Is  cau-sed  solely  by  the  fact  that  tlie  ions  have  a  color  other 
than  that,  of  the  undissoci  .ted  molecule;  on  the  contrary  it  has 
been  shown  in  certain  coses  that  the  ions  have  tbo  same  color 
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that  the  un dissociated  molecule  has  before  the  rcarrangomcnt  of  the 
atoms  in  the  molecule  hus  taken  place.  On  the  other  hanJ,  a-s  regards 
the  proper  use  of  indicators  it  is  necessary  simply  to  boar  in  mind 
how  salts  of  weak  aci<b  behave  in  tlie  presence  of  stronger  acids 
and  how  the  acids  themselves  behave  in  the  presence  of  alkali. 

The  number  of  indicators  which  have  been  discovered  and  used 
more  or  less  is  verj'  larf;e,  but  it  will  be  sufficient  hero  to  consider 
only  m^hyt  orange,  vieihyl  red,  lacmuul,  IHrmm,  and  pkenotphifuilein. 

I.  Methyl  Orange. 

Under  methyl  orange,  Lunge,t  who  first  proposed  the  use  of 
this  indicator,  understood  cither  thefre^  sulphonic  acid  of  dimethyl- 
amido-axu-benzpne  or  its  sodium  or  ammonium  salt. 

In  the  free  state  the  free  sulphonic  acid  Is  obtained  tu  the  form 
of  reddish -violet  scales,  soluble  in  consideratile  water.  If  some  of 
the  solid  is  diasulved  in  as  little  water  as  possilile,  a  ilistinct  retl  Jiah- 
orange  colored  solution  is  obtained ;  but  on  the  further  addition  of 
water  this  color  gradually  changes  to  yellow.  If  a  trace  of  an  acid 
is  added  to  the  yellow  solution,  it  becomca  red  again  and  on  further 
dilution  with  water  the  color  changes  to  orange  and  finally  to 
yellow  once  more,  if  too  much  acid  was  not  added.  This  color 
change  can  be  easily  cTplainrd. 

In  the  sensitive  neutral  solution  there  is  a  condition  of  equi* 
libriiim  t>ctwcen  two  isomeric  forms  of  methyl  orange  as  expressed 
by  the  equation: 

HSOa  CoHt  N:N  CttH4N(Cll3)2*=*SOsC6H4.NH.N:C8H4:N(CH3)a. 

The  formula  on  the  left  represents  the  yellow  substance  and  the 
color  is  due  to  the  azo  group  N  :  N,  whereas  the  formula  on  the 
right  represents  the  red  substance  which  has  for  it«  chromopbor 
the  quinoid  group  •.CaHt:.  The  formula  on  the  left  has  a  sul- 
phonic group  which  imparts  acid  properties  to  the  molecule  and 
at  the  other  end  is  an  NtCHs)^  group  which  has  weakly  biu^iit 
propertieB.    The  formula  on  the  right,  therefore,  reprcsenitw  nn 

'  This  dyMtufT  k  known  rommcrciBlly  wt  MiaatMiu.  onuiiti:  III,  tmiiAo- 
lin  D,  Poirricr's orangB  III.  dimfthylanUuio  ()miigt%  mandnrino  oranfic,  and 

t  IlcnchU',  II  (1S78).  p.  1044;  ZeiUchr.  1.  ch.  Industrie,  1881,  p.  348; 
[iandburb  fttr  tjodamdiutm,  1  (1879),  p.  53;  II  (1893),  p.  IH. 
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inner  salt  inaismtich  as  thp  acid  and  base  forming  groups  are  here 
united. 

The  sodium  salt  of  methyl  orange  is  yellow  and  has  the  formula 


NftS03-C6H4N-:NCflH«N'(CH3)3 

and  when  decomposed  by  acids  the  free  sulphonatc  at  once  rcvertfl 
to  the  red  form: 


S0,C6H4-NHN':C«H4:N(CH3)2 


Methyl  orange  la  an  excellent  ituHcator  for  weak  bases,  but 
cannot  be  used  for  the  titration  of  weak  acids.* 

If  It  is  desired  to  titrate  a  solution  contjuninR  sodium  hydrox- 
ide witli  a  teiitli-normal  acid,  a  Utile  methyl  orange  is  aikled  to 
tiie  alkaline  t^nlutioii  anil  tlic  aciil  is  added  until  the  solution  is 
colored  a  distinct  red.  The  latter  color  nill  not  appear,  however, 
until  an  excess  of  the  acid  has  been  added.  Thi.'?  causes  a  slight 
error  in  the  analysis  which  is  greater  in  prnpnrtinn  tfl  the  amount 
of  indicator  employed,  and  the  more  dihite  the  solution. 

It  w  apparent  that  the  weaker  the  acid  character  of  the  indi- 
cator the  more  sensitive  it  will  lie,  and  the  opposite  is  true  of  in^ 
dicfttora  which  are  bases. 

From  what  has  been  said  the  following  rule  holds: 

In  any  titration  the  smallest  amount  possible  of  indicator 
should  be  used,  and  inasmuch  as  the  change  of  color  is  propor- 
tional to  the  concentration  and  not  to  the  absolute  amount  of 
acid  present,  the  titrated  solution  should  have  as  nearly  as  pos- 
Riblc  the  B&mc  concentration  as  was  the  case  in  the  statidanliz&- 
tion  of  the  normal  solution. 

When  a  nomml  acid  is  used  for  the  titration,  the  change  of 
oolor  ia  very  stiarp  when  the  volume  of  thu  Bolutiou  titrated 

•CL  etlegliU,  J.  Am.  Ctem.  Soc.,  2&,  1U7. 
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amounts  to  about  100  c.c.  Even  with  a  fifth  normal  solution  the 
chanjte  of  color  is  very  distinct,  but  lew*  so  with  tenth-normal 
eolutinrs,  but  these  can  be  titrated  provided  the  etandaniixatum 
was  made  at  the  same  dilution  as  that  used  in  the  analysis. 

How  is  it  with  the  end-point  in  the  titration  of  an  acid  with 
an  alkaline  hydroxide  solution? 

If  a  few  drops  of  methyl  orange  are  added  to  100  c.c.  of  wat«r. 
tlie  latter  will  be  colored  distinctly  yellow.  If  we  imagine  that 
the  solution  coutains  tlie  same  amount  of  gaseous  hydrochloric 
acid  as  is  contained  in  10  c.c.  of  a  teuth-nonual  solution  of  this 
acid,  the  sohition  will  be  colored  a  deep  red.  In  order  that  the 
solution  shall  assume  its  original  yellow  color,  it  ts  only  necessary 

N 

to  add  exactly  10  c.c.  of  —  alkali  hydroxide  soluticn,  but  no  ex- 
cess of  alkali ,  because  the  water  is  it'^clf  sufficient  to  decompose 
the  dyestuff  suflinently  to  produce  the  yellow  color. 

It  is  evident,  then»  that  it  is  not  a  matter  of  indifference  in 
the  analysis  whether  the  titration  is  completed  by  tlic  addition 
of  acid  or  by  the  addition  of  alkali.    In  the  former  case,  for  the 

N  N 

titration  of  T  c.c,  of  —  alkali  solution,  T-|-i  c.c.  of  t^  acid  would 

be  necessary. 

Methyl  orange  is  more  sensitivo  toward  alkali  than  it  is  toward 
add,  but  many  prefer  to  finish  the  titration  by  the  addition  of 
acid,  for  most  eyes  can  detect  the  change  from  yellow  to  red  with 
greater  accuracy.  In  principle  it  is  more  accurate  to  accompli-sh 
the  titration  the  other  way,  as  was  recomnicnd<vl  by  V.  Glaser. 

Prrparntian  cj  Mclhyl'Orange  Solution. — TIte  solution  of  0.02 
gm.  of  solid  mrthyt  orange*  dissolved  in  100  c.c.  of  hot  water  is 
allowed    to    cool,   and    any   deposited    mcta-sulphonic    acid    is 

filtered  off. 

l/$e. — Methyl  orange  is  suitable  for  the  titniticm  of  strong 
acids  (HCl,  UNO,,  II^SO,)  as  well  as  phosplioric  and  sulphurous 
acids.    Hydrochloric  and  nitric  acids  can  bo  titrated  with  this 

*  If  lli«  fre«  acid  \»  not  at  liaiid,  0.022  gm.  of  the  aodium  salt  is  dUdolvcd 
[n  100  c,c  of  water,  0.67  c.c.  —  HCl  U  added,  and  after  sLaudins  soioe  Um« 
U)  depumtMl  cryatftU  oro  filtansd  oO. 
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indicator  with  a  sharper  end-point  than  is  the  eaac  with  sulphuric 
aoid  If  free  phosphoric  acid  is  titrated  with  sfxltnm  hydroxido 
ufling  this  imUpator,  the  swihition  changes  from  r«l  to  yellow  when 
oQe-thml  of  the  phosphoric  acid  has  been  ncutraliiscd: 

H,PO,+  NaOH = NaH,PO.+  H,0, 

The  primarj'  phnsphales  are  neutral  towanl  methj-1  orange 
while  the  secondary  and  tertiary  pho«j)hat<s  react  alkaline  toward 
it.  With  half-nnmial  solutions,  the  end-point  of  the  reaction  it 
fairly  sliarp,  with  tenth-normal  solutions  it  is  less  so;  in  the  latter 
case  an  excasR  of  about  0.3  c.c.  of  the  tenth-normal  alkali  is  nec- 
essary to  cause  the  change  from  red  to  yellow. 

Sulphuroiti  Acid. — In  titrating  sulphurous  acid  with  sodium 
hydroxide,  the  yellow  color  is  obtained  when  half  the  acid  has 
been  neutralized, 

HjSO,+  NaOH  ^NaHSOj-f  HjO, 

so  that  NaHSO,  is  neutral  toward  this  indicator. 

The  weak  atids  HCN,  CO,,  H^i*,  Ajs,0,,  B,0,,  CrO,  when  pres- 
ent in  considerable  amount  do  not  act  upon  the  indicator.  CU, 
and  HyS  produce  an  orangc-ral  colonitiim  only  when  present  in 
large  aniDuntti.  i'or  t\m  rc-JiKon  ttie  alkali  saltet  of  thcee  acids  can 
be  titrated  with  accuracy  by  niuanH  of  thja  indicator. 

Organic  acids  cannot  be  titratwl  with  metliyl  orange. 

The  strong  and  weak  ba«es  NaOH.  KOH,  XH.OH,  CaCOH),, 
Sr(0H)3.Ba(OH)2.andM8«JH)2canbetUratwl  with  great  accu- 
racy by  means  of  this  indicator,  and  the  santc  is  true  of  the  amine 
bases  (methyl  and  ethyl  amines,  etc.)  J  on  the  other  hanil,  auch 
weak  bases  as  pjTidine,  aniline,  and  toluidinc  cannot  ha  titrated. 

Nitrous  aciil  ordinarily  cannot  be  titrated  with  thiu  imlicator 
because  the  acid  destro>'3  it.  If,  however,  an  excess  of  alkali  is 
firet  addeil  to  the  solution  of  nitrous  acidj  then  the  methyl  orange, 
the  titration  can  be  accomplished  with  accuracy. 

U.    TRB  SODIUM  BWT, 

N(CH,), -^;H  .— N=N— (.^H^OiNa. 

TWs  sodium  salt  can  be  used  as  an  indicator  in  the  same  way 
M  the  free  acid;  it  should  be  mentioned,  however,  that  the  com* 
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mercial  salt  often  contains  small  arr.ounts  of  »xlium  carbonate 
as  impurity,  which  causes  il  to  be  sliglnly  less  sensitive  tliaii  the 
free  acid. 

The  change  of  the  yellow  color  of  Ihc  solution  in  this  case 
takes  place  when  the  salt  has  been  deconiposoJ  by  the  addition 
of  an  ec|uivalent  amount  of  a  stronger  acid,  and  the  dissociation 
of  the  free  acid  diminished  by  increasing  the  concentration  of  the 
hydrogen  ions.  As  a  matter  of  fact,  however,  the  amount  of 
acid  necessary  to  eiTect  this  change  in  a  solution  containing  a 
drop  of  the  indicator  solution  is  inappreciable. 

2.  Methyl  Red.* 

(CH3)2N'-<:flH4— K=N— Con,— COOH. 
PaTu-dimeikyl-amido-azn-hemene-o-cfirboiylic  acid. 

This  valuable  Indicator  is  suitable  for  titrating  weak  organic 
baM8  and  anunonia.  The  aqueous  solution  of  xnetbyl  rod  is 
orange,  but  if  a  few  drops  are  added  to  50-100  c.c.  of  water,  the 
latter  ts  colored  a  pa]e  yellow.  The  addltinn  of  a  drop  of  O.I  X. 
HCI  ut  once  turns  the  liquid  a  violet  red  without  passing  through 
any  intermediate  nlmde  and  by  the  luldillrm  of  a  dr(^p  of  ammonia 
the  solution  liecoines  nearly  colorless  again.  Methyl  red  is  not 
very  aenBilivc  towarii  carbttnie  avUl,  but  more  so  than  is  methyl 
orange,  so  that  it  in  lewt  suiljiblc  for  the  titration  of  carbonates. 
The  chief  advantage  of  this  indit-atiir  lies  in  the  sliarji  color 
change  from  u  very  pale  yellow  to  a  violet  red,  even  in  titrating 
ammonia. 

Prepiiralian  of  the  ImUcator.  Aljout  0.02  g.  of  the  free  acid 
IB  diasolved  in  100  c.c.  of  bot  water,  the  solution  allowed  to  cool, 
and  then  fdtored.  Two  or  three  drops  of  this  solution  arc  added 
for  every  100  c.c.  of  the  solution  to  Ix;  titrated. 

H.  W.  Ijingbeck  f  recommends  the  use  of  ortho-nitmphenol 
as  indicator,  but  it  haa  no  advantages  over  methyl  orange  and 
methyl  re<l.  Ii.  ia  not  at  all  »en»itivc  towards  carbonic  acid. 
It  ia  turned  yellow  by  alkalies  and  eolorleaa  by  acids. 

•  E.  Rupp  and  R.  l.o(Me,  Berichu,  41,  3605  (1908). 
t  Cbem.  News,  43,  162. 
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3.  Lacmoid,  or  Resorcin  Blue, 

Ijacmoid  is  prepared  by  heating  resorcin  with  sodium  nitrite 
at  not  too  high  a  temperature.  The  constitution  of  the  dye  haa 
not  been  completely  established.  Pure  Incmoid  is  soluble  in 
water  (the  impure  product  is  difficultly  soluble),  but  more  soluble 
in  alcobo],  glacial  acetic  acid,  actone,  and  phenol,  and  Ies3  so  in 
ether.  To  determine  whether  a  sample  of  commercial  lacmoid 
is  suitable  for  use  as  an  indicator,  a  little  of  it  is  boiled  with  water; 
if  the  water  is  colored  an  intense  and  beautiful  blue,  it  can  be 
used.  In  this  case  the  alcoholic  solution  will  be  of  a  pure  blue 
color,  and  not  with  a  tinge  of  nolet,  as  i.s  the  case  with  the  impure 
Bubstance. 

Preparation  of  Pure  Tjocmmd. — Tlie  Rolutton  of  the  good  com- 
mercial product  in  hot  9G  ])cr  cent,  alcohol  is  filtered  and  allowed 
to  evaporate  in  vacuo  over  concentrated  sulphuric  acid. 

Preparation  of  the  Indicator. — A  solution  is  used  containing 
0.2  gm.  of  the  purifiwl  lacmoid  in  100  c.c.  of  alcohol. 

Behavior  0/  Lacmoid  toward  Adds  and  Bases. — If  the  solution 
lifter  it  has  been  colorctl  rwldish  by  acid  is  treated  with  a  solu- 
(jion  of  an  alkali  hydroxide,  the  red  color  is  gradually  cliangcd 
to  ft  violet-red,  and  on  further  addition  of  alkali,  it  suddenly 
changes  to  a  pure  blue.  If  the  \ioIet  solution  is  diluted  with 
conBiderable  water,  it  becomes  blue. 

Uses. — Lacmoid  is  suitable  for  the  titration  of  strong  acids 
and  bases  as  well  as  for  aminonia,  but  h  not  suited  for  the  titration 
of  nitrous  acid  or  weak  acids. 


4.  Litmus. 

The  chief  coloring  principle  of  litmus,  the  aaoUtmin,  la  a  dark- 
brown  powder  only  slightly  soluble  in  water  and  in.sohible  in 
alcohol  atid  ether.  With  alkulieti  it  fonns  a  readily  soluble  blue 
salt.  Cofiidee  the  azoiitmiii,  there  are  other  dyestulfs  present  in 
litmus  which  are  t$oluble  in  alcohol  with  a  red  color. 

Commercial  htuius  is  obtained  in  small  cubes  mixed  with  con- 
siderable calcium  carbonate;  the  dyestufTs  are  then  in  the  form 
of  th^r  calcium  salts,  soluble  in  water.    If  the  onimnercial  m&va- 
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rial  is  dissolved  in  wn*<»r,  a  solution  of  blue  and  reddiBh-vioIet 
coloring  matter  is  ohtainpti,  which  becoracs  red  on  the  addition  of 
odd.  On  making  alkaline  again,  a  pure  blue  cj>)or  is  not  obtained 
at  first,  but  a  reddiali-violct,  which  becomes  blue  on  the  addition 
of  conaderablc  alkali.  Such  a  solution,  therefore,  is  far  from 
being  a  sensitive  iniUcator  and  cannot  be  used  for  accurate  work. 
A  number  of  different  methods  have  been  pmprjsol  for  obtaining 
a  flenaitive  litmu«  solution,  and  that  of  I-',  Mulir*  will  be  de- 
Bcribed. 

i'uri/icalion  of  Litmus. — The  cubes  of  litmus  are  placed  in  a 
porcelain  dieh  (without  powdering)  ^  covered  with  85  per  cent,  alcohol, 
and  digested  on  the  water-bath  for  come  time  with  frequent  stirring, 
Tlie  solution  ijj  decanted  off  and  the  o]>eratIon  is  repeated  three 
times,  iiy  this  means  the  undesired  ooluriug  matter  is  removed. 
The  residue  is  now  e.\tract«l  with  hot  water,  and  as  it  is  very 
difEeult  to  fdter  tlie  solution,  it  is  ptmred  into  a  tall  cylinder,  and 
after  standing  several  days  the  clear  liquid  is  siphoned  off.  Tlie 
solution  is  concentrated  to  about  one-tiurd  of  its  volume  and  acidified 
with  acetic  acid  in  order  to  decom]>o8e  the  potassium  carbonate 
present.  It  is  then  evaporated  to  a  syrupy  coiisiBtency  upon  the 
water-bath  and  the  mass  covered  witli  a  large  amount  of  90  per  ecat 
alcohol,  lly  this  means  tlie  blue  rolciring  matter  is  precipitated, 
wliilc  the  remainder  of  tlie  viiilet  substttrice  remains  in  solution 
with  the  potassium  acetate.  The  residue  is  filtered  off  and  dts- 
solvod  in  sufRcient  hot  water  so  that  three  drops  of  tlie  solution 
will  he  nct^essa^y  to  impart  a  distinct  color  to  50  c.e.  of  water. 

Use. — Litmus  can  be  used  for  the  titration  of  inorganic  and 
strong  organic  acids,  alkali  and  alkaline-earth  hydroxides,  and 
ammonia,  as  well  as  for  the  titration  of  carbonates  in  hot  solu- 
tion. 

S.  Phenolphthalein. 

Phenolphthalcin  is  a  very  weak  acid  forming  red  salts  which 
oootain  the  strongly  chromophoric  quinoid  group  :C6U4:.  The 
free  acid,  however,  is  unstable  and  when  set  free  from  one  of  its 
colored  salts  reverts  instantly  into  i  colorless  lactoid  form,  con- 
taining no  chromophor  group : 
HOOCCflH*  0(08114011)  ;CflH4:O*=fO0CC«H4C(C8lU0H)2. 


I,clirt>iiRh  lier  Chi'niisch-Anab'tiHhea  Titrirniclb4xie. 
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In  the  ca«e  of  the  free  acid,  therefore,  the  condition  of  equi- 
librium  favors  the  lactoiii  form  and  only  minimal  traces  of  the 
quinoiii  acid  are  preseat.  This  trace  of  qaiaoid  acid  ia  ionized 
and  is  in  equilibrium  with  its  ioas: 

EOOCCBH4C(CeH40H):Coll4:Op* 

r*H-  +  OOC .  CeH4  ■  CiC^U^OK) :  CbH,  :  0' 


The  addition  of  an  alkali  causes  the  hydrogen  ions  to  disappear, 
80  that  more  of  the  quinoid  molecules  must  be  ionized  to  preserve 
equilibrium,  and  the  ()uinoid  molecules  in  turn  be  reproduced  from 
Uie  lactoid  as  faat  as  the  former  are  converted  into  the  salt. 
Fheuolphthalein  is  a  very  sensitive  indicator  towards  acids,  but 
on  accourt  of  being  such  a  weak  acid  it  does  not  form  stable 
salts  with  weak  biu;t>s. 

Frepai  adon  of  the  Indicator. — One  gram  of  pure  phenolphthale'm 
is  dissolved  in  100  c.c.  of  S6%  alcoUoL 

Vt(s. — ^PlJv^nolphthaleiii  is  particularly  suited  for  the  titration 
of  organic  and  inorganic  acids  and  strong  bases,  but  not  for  the 
titration  of  anmionia. 

If  the  red-colorod  solution  containing  phenol phthalcm  and  a 
little  alkali  is  treated  witli  an  t-xcesa  of  concentrated  alkali  hydrox- 
idfi  sohition,  the  red  color  disappearm,  but  returns  on  diluting  the 
solution  with  wat«r.  Phenolphtlialcin.  therefore,  cannot  l>e  iiwd 
aa  ati  indicajor  for  the  titration  of  concentrated  alkali  without 
previous  dilution  with  water. 

Phenolphthalein  is  the  most  sensitive  indicator  wo  poa-tesw 
toward  acids,  far  more  sensitive  than  methyl  nrangc,  for  in  this 
case  not  only  can  the  pre;ienre  of  wonk  ac^ifls  be  detected,  but  very 
Bmall  amnuntfl  rati  be  tilratctl  with  accuracy. 

OnHnary  distilled  water  usually  contains  carbon   dioxide,  as 

can  be  shown  by  slowly  adding  —  barium  hydroxide  solution,  drop 

by  drop,  to  100  c.c.  of  water  containing  a  drop  of  the  indicator 
sohition.  WTicre  the  alkaH  first  meets  the  water,  a  red  color  is 
pro<luccd  which  disappears  on  stirring,  so  tliat  oft^m  as  much  aa 
0.5  to  I.S  c.c.  of  the  alkali  must  be  addetl  before  a  permanent  rod 
color  is  obtained.    The  dwappcarancc  of  the  red  shows  the  prea- 
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ence  of  acid  (in  this  case  carbonic  acid),  and  ita  amount  corre- 
spondtt  to  the  alkali  neutralized. 

Phnsphorif-  Acid. — tf  a  snliition  of  pTinsphoric  acid  cnntnininj^ 
phcnolphthalein  \a  titrated  mlh  normal  aodiiim  h3'«lroxi(ic  (MiIu- 
tion,  a  permanent  coloration  is  produced  when  two-thirds  of  the 
phosphoric  acid  is  neutralized: 

H3P04+20ir -» npor+2H20. 

Apparently  Na,HPO^  reacts  neutral  toward  phenophthaleln, 
but  this  is  not  quite  correct,  for  a  pure  sohition  of  disodium  phos- 
phate u  colored  by  phcnolphthalein  n  pale  pink,  and  on  diluting 
with  water  the  intensity  of  the  color  increaaea  owing  to  progrcs- 
mve  hydrolysis: 

HP07+H20a=*OH"+H2POr. 

During  the  titration  of  phosphoric  acid  with  sodium  hydrox- 
ide, a  pakvpink  rnlor  is  r>tiiaineil  wouiewhat  toip  woon,  and  this  cnlnr 
gradually  iricreaHtw  in  inlen»ity  until  liiuiljy  a  maximum  ia  reachetl; 
the  latter  point  is  taken  as  the  en<l-i)oint.  It  iw  [itjHsibie  ihal  iliis 
hydrolysis  could  Iw  prevented  by  the  addition  nf  a  larpj  excess  of 
sodium  clilor'ale  and  cool'ng  to  about  xern  Centigrade. 

Carhonie  .4ad.— If  the  sohition  of  a  neutra)  alkali  carbonate 
IB  treated  with  phcnolphthalein  a  red  color  is  obtainctl,  showing 
the  prwence  of  hydroxyl  ions  in  the  solution,  due  to  hydrolysis: 

COf+HaO«^OH~-|-HCOr. 

If  hydrochloric  acid  ia  added  to  such  a  solution  which  is  not 
too  dilute  and  is  at  a  temperature  of  0*  C,  decolorization 
is  effected  wlien  half  of  the  soda  has  been  neutralized.  At  ordi- 
&aiy  temperatures  a  shaqi  end-point  cannot  be  obtained;  the 
color  gradually  fades.  Pure  sodium  bicarbonate  dissolved  in 
ke-cold  water  Is  not  colored,  by  the  addition  of  phenolphthalein; 
if  it  ia  warmed  to  the  temperature  of  the  room  it  tunis  red,  but 
on  couling  the  color  disappears  (Kiltter). 

Silicic  acid  seems  to  be  without  iuflucncc  upon  phenol] )httia- 
Idn,  for  alkali  silicattts  (the  water-glassctf)  can  be  titrated  with 
accuracy, 

Chruiuie  Acid  and  Acid  Chromatcs  arc  cliangod  by  the  addi- 
tion of  alkali  to  neutral  chromatea  and  the  latter  have  no  action 
ui^n  uUcuoluhthaloin. 
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Alkali  almninatcs  can  bo  titrated  aprnrately  mth  thU  indicator 
lor  aluniiiiiuin  hydroxide  docs  not  afTect  it. 

Almost  all  the  pmliloma  involvtyl  in  actdimctry  and  alkalim- 
etry can  be  solved  by  the  use  of  one  or  thr  other  of  thrse  two 
indicators:  methyl  orange  and  phejiolphthalcin.  For  further 
information  with  regani  to  the  cnuntirss  other  indicators  \vhirh 
have  been  proposed,  the  stude-nt  is  roferrc*!  to  (llasor's  ''Indica- 
toren  der  Auidimetrie  und  Alkalimetrie,"  Wiesbaden,  1901  * 

KORUAL   SOLDTIOHS. 

For  the  standartlization  of  the  Bolutions  used  in  acidimetry 
and  alkalimetry,  a  great  many  different  methods  have  been  pro- 
posed, all  of  wliich  more  or  less  satisfactorily  answer  the  purpose. 
It  wsK  Gtty-Lussac  who  firet  proposed  the  use  of  chemically-pure, 
calcined  sodium  carbonate,  and  in  simplicity  and  accuracy  this 
luc-tbuil  has  never  been  excelled,!  ^^  ^^^^  we  will  content  ourselves 
with  its  description. 

The  chemically-pure  sodium  carbonate  must  form  a  clear  solu- 
tion with  water  and  should  contain  ndther  sulphuric  nor  hydro- 
chloric acids.  It  is  pcs-sible  to  obtain  the  pure  substance  com- 
mercially, but  as  a  rule  It  must  be  purified.  For  tliis  puipoee 
about  300  gins,  of  cr>'»talli2ed  sodium  carbonate  are  dlsssolved  in 
250  c.c.  of  water  at  25-30°  C,  and  quickly  filtered  into  a  two-liter 
flask  of  Jena  glass.  After  replacing  tlie  air  by  carbon  dioxide,t 
the  flask  is  dosied  by  means  of  a  perforated  rubber  stopjjer  through 
whicli  a  short,  right-angled  gUua  tube  is  passed,  and  the  latter  is 
connected  by  means  of  a  long  piece  of  rubber  tubing  with  a 
ICipi>-carbon  dioxide  generator.  The  contents  of  the  flask  are 
shaken  until  no  more  carbon  dioxide  will  be  absorbed;  this  usu- 
ally takes  from  half  to  thret-^iuartcrs  of  an  hour.  In  proportion 
as  carbon  dioxide  is  absorbetl,  sodium  bicarbonate  is  deposited. 
The  solution  is  cooled  to  0°  C,  while  the  carbon  dioxide  is  continu- 
ally passed  through  it;  the  thick  mass  of  crystals  is  transferred  to  a 

•  See  also  J.  Wagner,  Zeitschr.  fiir  anorg.  Chem.,  XX\7I  (I«)l>.  p.  I3S. 

t  Accurxlla^  to  SOrcoscn,  the  etcindardisatiou  takes  place  witb  cquul 
AMiiruy  by  mcani)  of  iinhyilruuH  ><mliuiii  oxalou-,  which  uftor  wi^igbing  is 
teaUKi  until  the  carbonate  U  (ormed;  c\.  puge  £97. 

X  The  carbon  dioxide  U  pawed  through  a  solution  containiiig  sodium 
bicarbonate  b«f  c>i;»  it  reaches  the  flask. 
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filter-plate  which  \?.  (^ovor&l  with  a  [)iet'e  of  luinleiied  filter  papLT  and 
sucked  as  dry  as  possiblo.  The  i^mliuiu  bicnrbtniaLe  Urns  ubtained 
often  contains  considerable  chloride  anH  sulphate.  H  is  washed 
back  into  the  flask  by  moans  of  5()  a.c.  of  diaLlIlal  water  (that  has 
been  cooled  to  0°  C.  and  saiuratoil  with  carlxtn  dioxide),  vigor- 
ously shaken,  and  the  mother-liquor  once  more  removed  by  suo- 
lion.  This  operation  ia  repeated  until  finally  S  gnis.  of  the  salt 
will  no  longer  give  the  test  for  chlorides  or  sulphates. 

The  pure  sottium  bicarbonate  thus  obtained  is  dried  on  the 
water-bath  and  preeerved  for  further  use  in  a  tightly-etflppered 
bottle. 

Kormal  Hydrochloric  Acid, 
1000  K.c.  contuia  1  HCI  -:tO.-ll3S  Kjna. 
Piirc,  concentrated  hydrochlnric  acid  i3  diluted  until  its  spe- 
cific gravity  is  about  1.020,  and  in  this  way  a  sohition  is  obtained 
that  ta  slightly  more  than  normal  in  strength.  To  obtain  an  ex- 
actly normal  solution,  it  is  titrated  against  a  weighed  amount  of 
chemically-pure  sodium  carbonate,  and  from  the  result  obtained 
the  amount  of  water  to  be  added  can  be  computed.  About  8 
gnu.  of  the  pure,  dry' sodium  bicarbynateare  placed  in  a  large  plati- 
num crucible,  and  the  latter  is  inserted  in  an  inclined  position 
within  a  hole  in  a  piece  of  ai<be»tos  board  and  ever  a  small  flame 
(cf.  p.  35**).  The  contents  of  the  crucible  are  stirred  frequently 
with  a  short  piece  of  heavy  platinum  wire,  and  only  the  bottom  of 
the  crucible  is  heated  to  redness.  Tlie  uiaaa  must  nut  be  al- 
lowed to  sinter  together  or  fuse,  for  in  that  way  an  appreciable 
amount  of  the  normal  carbonate  would  be  deconijiosed.  After 
heating  for  about  half  an  hour  the  crucible  is  cooled  in  a  desicca- 
tor, weighed,  and  to  make  sure  that  a  constant  weight  has  beea 
obtained,  the  heating  is  repeated  once  or  twice  more.* 
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•  I(  it  M  f<-.-inil  that  Komi"  of  the  c-nrlmn  <lioxii!c  may  Iw  px))«ll«d  from  the 
normal  cnrbonalo,  tho  l>icHrl»i[inlf  imiy  Iw  l)Ktt«>l  for  half  an  hour  at  27C^ 
30(y*.  Thii«  can  l>e  easily  accomplwhH  by  t-mboMiitK  the  platinum  crucible, 
which  conuina  the  Incurbooale,  in  sanil,  so  ihul  the  Iat1«r  cxi«nda  up  on  the 
outniilc  of  Uw  enicibla  as  hi|^]  a»  tiw  bicarl>uiuius  un  tlit*  iiwi<l«,  uiu)  thoa 
bettt  iilowly  u>  230**.  Thft  hcalinf  !■  then  continued  for  about  half  nn  hour,  but 
UkinK  CNTT  thitl  tbo  thcrmonwtar  In  tho  sand  be8id«  the  crucible  docs  not 
recieUir  above  300°. 
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The  amount  npn-TOsary  to  neutralize  35— 40  c.c*  of  normal  acid 
(about  2  gms.)  is  welRKed  out  from  a  glass-eUippored  weighing- 
tube  into  &  beaker,  dissolved  in  about  100  c.c.  of  distilled  water, 
and  enough  methyl  oruiige  is  addal  {from  5-4>  drops)  to  impart  a 
pale-yellow  color  to  the  solution.  The  hydrochloric  acid  at  17- 
18^  C.  is  atlded  from  a  burette,  with  cnni^tant  stirring,  until  the 
color  of  the  solution  Is  changed  from  yellow  to  orange.  The 
burette  is  then  read  and  a  drop  more  of  the  acid  is  added  to  see 
whether  this  will  produce  apure  pink  color.  If  this  is  not  the  case, 
more  hydrochloric  acid  is  added  until  tliis  point  is  reached,  and 
in  this  way  the  number  of  cubic  centimeters  of  the  acid  that  are 
required  to  neutralize  the  weighed  amount  of  the  sodium  carbo- 
nate is  determined.  Assuming  that  for  the  neutralization  of 
2.1132  gras.  of  NaaCOs,  39.20  c.c.  of  hydrochloric  acid  at  19*  were 
ncccAsarj',  how  stroui;  is  the  acid? 

If  the  acid  were  exactly  normal,  according  to  definition  (p. 

NajCOa     106.00 
2 


630)  1000  c.c.  would  ncutraliaa       V 


^53.00  gms.  of 


r 


sodium  carbonate,  so  that  the  amount  weighed  out  would  require 
for  neutralisation  at  15* 

6300:1000  =  2.1l3:x 

211.'? 


x  = 


53.00 


=  39.87  c.c. 


This  would  be  equivalent  to  :iy.90  c.c.  at  ]9*.t 

As,  however,  only  39.20  c.c.  were  necessary  {t  is  evident  that 
our  solution  is  too  strong,  and  for  each  39.20  c.c.  of  the  acid, 
39.90—39.20  =  0.70  C.C.  of  water  must  be  added  to  make  it  normal, 
and  to  1  liter: 

39.2:0.70=  1000:a: 


700 
'■Mi. 2 


17.86  c.c.  water. 


*  It  in  bf!<t  not  to  wnigh  out  more  subfltanre  than  pnn  he  titrated  vritU 
one  buTwttcful,  and  not  too  nnii,l)  an  unount  shnuM  tic  taken,  for  in  the 
latter  casp  the  error  in  reading  la  too  cwnt. 

1  AcfordinA  to  the  table  on  img«  533, 1000 CJJ.N'.  IlCl  at  IS'-IOOO-O.TO 
CO.  It  15";  Ihercfonj  (1000-0.70):  lOW- 39.83  :j.  1-39.00  e.c. 
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A  perfectly  dry  liter  flask  is.  therefore,  filled  exactly  to  the 
mark  with  acid,  and  17.9  c.c.  of  water  are  aUileJ  from  a  burette 
(or  measuring-pipette),  the  solution  is  thoroughly  mixed,  and  the 
strength  of  the  sohition  is  verifietl  by  a  second  titration  with  a 
weighed  aranunt  of  sodium  carbonate.  Further,  it  is  to  he  rec- 
onimendeii  that  the  l>egiiiiier  should  convince  himself  of  the  accu- 
racy of  the  result  by  determining  the  amount  of  chlorine  present 
gravimetrically  as  silver  chloride.  10  c.c.  of  normal  acid  >'ielii 
1.433K  gniR.  .-VgCl. 

For  practical  purposes  it  is  quite  unnecessary  to  spend  the 
time  necessary  for  the  preparation  of  an  exactly  normal  solution, 
but  its  normality  •  is  detenuined,  and  if  the  number  of  cubic  centi- 
meters umhI  is  multiplifvl  by  this  factor,  the  corrcspomltng  amount 
of  normal  solution  will  be  obtained.  Thus  in  the  above  case  39.20 
«.c.  of  acid  were  used  to  do  the  worlc  that  would  require  39.90  c.c. 

of  normal  acid.    The  soluliou  is,  therefore,  .y":^.-;— 1.018  N.     Or, 

if  instead  of  using  40.10  c.c.  it  was  found  that  40.15  o.c.  of  acid 

40  10 
were  required,  the  ttoluUou  would  be  ■_'... ° 0.9987  N.     Wlmtover 

the  nonnality  may  l«,  it  is  written  uikju  a  label  and  pasted  upon 

the  bottle  containing  (he  acid. 

For  most  purpcu-iw,  a  normal  solution  is  too  strong,  so  that 

h.  I  and  -jV  N  solutions  are  used.     Obviously  a  tenth-normal  solu- 

tjon  '-an  be  prepared  by  diluting  100  c.c.  of  a  normal  solution  to 

1  liter,  etc. 

N 
la  order  to  titrate  a  -r^  acid  solution  with  sodium,  carbonate 

aboit  0.2  gm.  of  the  salt  Lt  placed  in  a  white  porcelain  dish  and  dis- 
solved in  50  c.c.  of  water,  methyl  orange  \*  addcLl  until  a  palc-yellow 
color  is  obtained,  and  acid  is  added  until  the  color  beco'nos  orange. 
The  carboa  dioxide  is  then  expelled  by  heating  to  boiling,  after  which 
the  wlution  is  cooled  and  once  more  titrated  until  an  orange  color 
is  obtained;  the  second  titration  requires  hut  alyuit  01-0.2  c.c. 
more,  but  in  this  way  the  correct  end-point  is  obtained.  At  this 
dilution  the  carbon  dioxide  ejects  an  impcroeptib.e  action  upon 
the  indicator.  

*  Br  Hormalilu  is  uiulentuw)  tlic  ixtlation  ton  normal  •olution. 


ss» 


VOLUMETRIC  jINALYSIS. 


Ifonnal  Nitric  and  Sulphuric  Acid  Solutions. 

These  are  prepared  m  the  same  way  as  was  described  ia  the 
preparation  of  nomial  hydrochloric  acid. 

—  Oxalic  Acid. 

10 

.ArtA  .  ■    H,Cp,  +  2H.O    126.06     _  ,.- 

lOOOec.  contuin  -^-^^ —         ~W\ — -=C.303gina. 

An  oxalic  acid  sohition  of  tliis  strength  can  be  prepared  by 
diasolvlug  exactly  G.3U3  giiis.  of  pure,  crystallized  oxalic  acid  m 
water  at  17°.5  and  diluting  to  a  volume  of  1  liter.  The  com- 
mercial acid,  however,  must  always  bo  purified. 

The  chief  impurities  found  in  the  commercial  product  are  cal- 
cium and  potassium  oxalates.  In  order  to  remove  these  salts,  500 
gms.  are  dissolved  in  500  c.c.  of  pure,  boiling  hydrochloric  acid 
of  specific  gravity  1.075  in  a  porcelain  dij^h.  If  an  insoluble  resi- 
due should  be  obtainetl,  the  solution  is  filtereil  through  a  hot-water 
funnel  and  the  filtrate  rec«ved  in  a  porcelain  evaporating-dish, 
the  latter  placed  ujx>n  ice  and  cooled  as  quickly  as  possible.  The 
fine  crystals  thus  obtained  arc  placed  in  a  funnel  provided  with  a 
platinum  conn  and  the  mother-liquor  completely  removed  by  suc- 
tion. The  above  process  is  rcfjcated,  and  the  crj'atala  obtained 
the  second  time  are  washed  with  a  little  ice-cold  water,  re- 
crystallized  three  times  from  hot  water,  and  their  purity  tested. 
A  solution  of  2  gins,  of  the  puriBed  acid  Hhould  give  no  sign 
of  a  turbidity  with  silver  nitrate,  and  another  portion  of  5  gmu. 
should  leave  no  wejghable  residue  after  ignition  in  a  weighed 
platinum  dish.  After  having  been  dried  as  completely  aa  poa- 
siblc  by  suction,  the  cr^'sials  are  spread  out  upon  several  layers 
of  blotting-paper  and  allowed  to  stand  in  the  air  for  several  days; 
they  then  have  the  formula  ii2C204+2H20.    The  strength  of  tlie 

solution  is  tested  by  titration  with  ~  sodium  hydroxide  solution 

using  phenol phthalcin,  as  indicator  (see  p.  553),  or  with  jg 
potaa^um  perumnganate  solution  (see  p.  5i^). 
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normal  Sodium  Hydroxide  Solution. 

1000  t^.  contain  1  NaOH~40^l  Rms. 

About  45  gms.  of  the  commercial  caustic  soda  are  roughly 
weighed  out,  the  carbonate  011  the  surface  is  washed  off  as  much  as 
possible  by  a  stream  of  water  from  the  wash-bottle,  and  the  alkali 
is  disaolviod  iu  a  little  more  thau  a  liter  of  water.  The  solution  is 
then  allowed  to  stand  for  about  one  hour  beside  the  hy<lrorh!oric 
acid  against  which  it  is  to  be  titrat/*d,  in  order  that  both  sohitions 
may  be  at  the  same  temperature.  About  10  e.e.  of  the  solution  arc 
mcosured  off  from  a  burette,  and  titrated  with  normal  hydroehloric 
ncid  aft«r  the  addition  of  a  few  drops  of  methyl  orange  solution. 
The  titration  is  repented  several  times  with  fre?h  amounts  of  the 
Bodium  hydroxide  and  from  the  mean  of  the  results  ihc  amount  of 
water  to  be  added  is  calculated.    If,  for  example, 

40  c.c.  NaOH=41.23  c.c-  N.  HCI, 

It  is  evideDt  that  1.2:1  r.r.  nf  water  must  ho  midcd  to  earh  40  c.c. 
of  the  «1ka1i  to  make  the  solution  exactly  normal,  ami  for  one  liter 

40: 1.23=  1000  :x 

^230    ,„,, 
X—    ._— 30.75  c.c.  water. 
40 

After  the  Bolution  has  been  dllulfid  wth  water  until  H  is  exactly 

normal,  it  must  be  tested  once  more  with  tho  hydrochloric  acid, 

and  from  it  terith-nornial  and  fifth-nonual  hydroxide  solutions 

L-an  be  prepareii. 

The  Boiutioos  thus  obtained  always  contain  carl>onalc,  so  that 

they  are  not  suitable  fur  titrntiun  with  [ihemjlpbthalein,  but  with 

methyl  orange  the  results  obtained  are  the  same  as  if  all  of  the 

sodium   was   present   as   the   hydnixide.    With   phenolphthaleln 

accurate  results  can  Iw  obtaine<l  from  a  Ixii'ling-hot  solution,  or  bj 

preparing  a  solution  of  alkali  free  from  carbonate. 
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Titration  ol  AVadi  containing  Carbonate  wiih  Phenotphthali^n  in 

Hot  Soiutiotis. 

The  alkali  is  measured  into  a  porcelain  dish,  a  drop  of  phenol- 
phthftlein  acldedj  and  hydrochloric  acid  of  approximately  the  samo 
strength  s  nm  into  the  solution  until  the  red  color  disappears. 

The  solution  is  then  heated  to  boiling,  when  the  red  color 
soon  reappears;  it  is  cooled  by  placing  the  dish  in  cold  water* 
hydrochloric  acid  is  again  added  until  decolorized,  and  the 
process  is  repeated  until  finally  the  red  color  does  not  reap- 
pear oil  boiling.     This  method  of  titration  is  tedious,  but  the 

TOBults  obtained  are  accurate.    On  titrating  j^  acids  with  methyl 

orange  as  indicator,  there  is  do  sharp  change  from  >ellow  to 
pink,  as  is  the  case  with  normal  and  half-normal  solutions,  but 
first  a  brownish-orange  color  is  obtained  which  become-*  pink  on 
the  addition  of  more  acid.  The  correct  end-point  is  the  change 
from  yellow  to  yellowish  broivn.  Only  when  considerable  car- 
bonate is  present  will  this  change  occur  before  enough  a?id  htm 
been  added,  for  in  this  case  tho  carbon  dioxide  excrtfi  an  action 
upon  tho  methyl  orangn. 

Tho  disturbing  action  of  carbon  dioxide  is  best  prevented  by 
firet  titrating  in  the  cold,  then  heating  to  remove  the  carbon 
dioxide,  again  titrating  tho  cvld  solution  with  acid.  If  only  a 
Bmull  amount  of  carbonate  Is  present,  it  exerttf  no  appreciable 
effect  upon  methyl  orange. 

The  titration  of  oxalic  acid  with  alkali  which  contains  carbonate 
is  best  effected  with  phcnolphthalcin  in  hot  solution.  Tho  procesa 
Is  carried  out  as  follows:  About  40  c.c.  of  the  sodium  hydroxide 
are  accurately  mcasurod  into  a  porcelain  dish,  a  few  drops  of 
phcnolphthalcin  added,  ami  oxalic  acid  run  in  from  a  burette 
until  the  solution  is  dccoloriKcd. 

The  solution  ic  then  heated  upon  the  water  bath  until  tho 
red  color  reappears,  whereupon  it  is  decolorized  by  oxalic  acid 


*  With  pltcuiilphthaloin   tho  titration  c&n  be  finished  in  tb«  hot  solu- 
tion, l)ut  ibo  cu>i-[)uint  Is  nut  so  shATp. 
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and  the  process  continued  until  finally  the  color  does  not  reappear 
on  heating  the  solution.  This  point  is  reached,  however,  only 
ftftcr  the  solution  has  been  evaporated  to  dryness  and  the 
residue  taken  up  with  a  few  cubic  centimeters  of  distilled  water. 
A  shght  red  color  will  appear  after  this  first  evaporation,  but 
it  will  be  discharged  by  the  fraction  of  a  drop  of  oxalic  acid 
and  will  not  reappear  upon  a  second  evaporation. 

Remark. — i''ormcrly  the  author  was  accustomed  to  heat  the 
oxalic  acid  solution  over  a  free  flame,  but  since  Christie  has  found 
in  thii  laboratory  that  it  was  Impossible  to  reach  an  end  point  in 
this  way,  the  use  of  a  free  flame  hiw  been  avoided. 

Sdrensen  met  with  the  same  difficulty  and  attributed  the 
reappearance  of  the  red  color  to  the  following  reaction  having 
taken  place: 


2Na2C304+H20. 


.  Nft2C0a + 2HC00Na + COj 

Bodium  foniuto 


It  seems  more  probable,  however,  that  this  reappearance  of 
the  red  color  after  the  alkali  is  all  neutralized  is  not  duo  to  th« 
dccooi position  of  sodium  oxalate  in  (he  solution  but  to  its  being 
overheated  on  the  sides  of  the  dish,  whereby  it  is  decomposed  into 
sodium  carbonate  and  carbon  monoxide: 

N&3Cg04  -  NaaCOa  +  CO 

Such  A  decomposition  docs  not  occur  when  the  heating  takes 
place  upon  a  water  bath. 


Preparaiion  of  Sodium  Hydroxide  Solution  Free  from  Carbonate, 

This  is  best  efTertcd  as  proposed  by  KiJster.*  About  40  c.c.  of 
pure  alcohol  is  placed  in  a  ^mall  round -bottomed  flask,  heated  to 
boiling  on  the  water-bath,  and  little  by  little  2.5  gms.  of  bright 
metallic  sodium  are  added,  the  latter  being  freed  from  petroleum 


*  ZdU  i.  Mior«.  Chom.,  IS,  131. 


»6 


yOLU METRIC  ANALYSIS. 


P 


by  rubbing  between  pieces  of  blotting-paper.    The  reaction  be- 
N  tween  the  boiling  alcohol  aod  tb« 

sodium  is  at  first  verj-  violent  and 
large  aniounl*  of  hydrogun  ami 
alcohol  vapors  are  evolved.  Dur- 
ing thia  limo  the  fiaak  is,  there- 
fore, kept  covered"  with  a  watch- 
glass.  Gradually  tho  reaction  be- 
gins to  lUniiiiish  and  fiiially  stops. 
In  the  flask  there  will  be  a  deposit 
vf  sodium  alcoholatc  and  Kotiie 
undissolved  sodium  on  account  of 
the  insufficient  amount  of  alcohol. 
Small  amounts  of  water  free  from 
c«H>on  dioxide*  are  now  added, 
a  test-tube  full  at  a  time.  The 
alcohol  ia  alniijst  all  boiled  away, 
and  in  order  to  cnmpletfly  remove 
it,  a  cnrrpjit  of  air  free  from  car- 
bon dioxide  is  passed  through  the 
solution  until  the  odor  of  alco- 
hol can  no  longer  bo  detected. 
The  solution  is  then  quickly 
cooled  by  the  addition  of  water 
free  from  carbon  dioxide,  imme- 
diat'ely  placed  in  a  hter  Eask,  and 
diluted  to  the  mark  with  pure 
water  at  17-18°  C.  This  solution 
will  give  the  same  value  when  titrated  with  phenolphthalein  m  a  coU 
sohitjon  as  when  the  latter  is  Iwl.t  With  methyl  orange  correct 
results  are  abo  obtainetl  if  the  orange  color  ls  taken  as  the  end-point. 
Such  a  BoluUon  quickly  absorbs  carbon  dioxide  from  the  air. 
In  order  to  prevent  this,  it  is  pineal  in  a  bottle  as  shown  in  fig. 

•Thifl  ifl  BPCompliBhwl  by  boillni^  llie  waUr  while  a  currwnt  of  air  free 
from  carbon  dinxide  in  pAWod  through  it, 

t  Pnivtded  ttiL-  livdrocblurit^  ucid  Bolutiim  wa»  prrparvcl  witli  wal«r  Free 
from  carbonnU-,  ulhcrwiiu;  tuw  little  acid  will  ba  uecessuy  whcQ  tho  titratJoo 
take*  pkce  in  the  cold. 
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87  which  is  mrmpctwl  with  a  aoda-limp  tube.  A"",  nnd  with  the  huretle 
by  means  of  the  tubes  p  and  r.  The  burette  is  fillcil  hy  squeezing 
the  tube  at  «.  In  this  way  a  solution,  can  be  kept  free  from 
carbon  dioxide  for  a  long  lime.  In  order  tii  detcnTiine  whether 
the  sohition  is  free  from  ciirbonate,  two  parallel  titrations  are  made 
n-ith  phenol phthntoin  as  an  indicator,  one  in  the  cold  and  the 
ither  in  the  hot  aohition.  If  the  results  aRree  the  solution  is  free 
from  carbonat*.  Otherwise  it  is  necessary  oiiher  to  prepare  a  fresh 
solution  or  to  make  a  corresponding  correction  In  each  analysis 
after  determining  the  amount  of  carbonate  present  as  described 
on  p.  5{)3. 

In  many  cases  it  is  better  to  use  a  jV  normal  barium  hydrox- 
ide solution ;  as  long  as  it  remains  clear  it  is  free  from  carbonate. 


Preparation  of  —  Barium  Hydroxide  Solution. 

!000  cccotitmn ^ *-  -—-r— 15.770  gna. 

The  cnr'stallized  biirinm  liydrtixide  of  cnmmerro  alwaj-s  con- 
tains barium  carVionate,  so  that  the  solution  cannot  Ix;  prepared 
by  aimply  weighing  out  the  necessarj'  amount  and  diluting  to  1 
liter.  About  20  gms.  of  the  comtnerrial  prnduct  are  dissolveti  in 
the  nocessar)'  amount  of  distilled  water  within  a  large  fiask.  The 
flask  is  closed  and  shaken  until  the  crystals  have  completely  dis- 
ftppeared  and  a  light,  insoluble  powdr^r  nf  barium  carlxinate 
remains.  The  solution  is  allowed  to  stnnd  for  two  days,  until  the 
barium  carbonate  has  completely  settled,  when  it  is  siphoned  into 
a  bottle  through  which  a  current  of  air  free  from  carbon  dioxide  has 
been  passed  for  two  hotirs  previous,  after  which  the  bottle  is  con- 
nected with  a  Boila-lime  tulie  an<i  with  the  burette  as  shown  in 

N 

Fig.  87.     For    tho   titration.  50  c.c.  -r^  hydrochloric  acid  are 

placed  in  an  Erlenmeyer  flask,  a  little  phenol phthalein  \i  added, 
and  the  solution  titrated  by  the  addition  of  thi'  barium  hydroxide 
solution.    The  normality  found  sliouJd  be  written  upon  the  label. 

It  is  not  advisable  to  make  the  solution  exactly  •^,  for  it  usu- 

ally  becomes  turbid  on  dilution. 
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A.  Alkalimetry. 

I.  Determination  of  Alkali  Hydroxides. 

Ride. — ^lE  tha  substiinco  lo  be  analyzeti  is  a  solid,  an  accurately 
weighed  amount  is  dissolved  in  enough  watei  bo  that  the  solution 
is  at  about  the  same  coneentratioii  a«  that  of  the  acid  to  be  used 
in  the  titration.  If,  on  the  other  hand,  a  solution  of  an  alkali 
hydroxide  in  water  is  to  be  analyzed,  the  si>ecific  granty  of  tJie 
solution  w  determined  by  weighing  in  a  pycnomeici  or  by  means 
of  an  areometer,  and  then  diluted  to  the  amount  desired. 


(a)  D^xrminaiion  of  Sodium   Jlydronde  in  Commerciai 

Caustic  Soda. 

NaOH=  40.01. 

N 
For    the    titration    a  —  hydrochloric  acid    solution    ean  be 


10 
used.     Consequently  in   this   case  an  approximately  —    normal 


N 
10 


^lution  of  the  alkali  is  prepared.    As  sodium  hydroxide  abfoibs 

water  and  carbon  dioxide  from  the  air   the  sample  for  analysis  ia 

weighed  out  in  a  tared  watch-glass  and  dJ.'^olved  in  water   to  a 

definite  volume.    After  thoroughly  mixing  the  solution  a  pipetted 

portion  is  treated  with  methyl  oiangc  ajid  titrated  in  the  cold  with 

N 

j-r  hydrcchloric  acid. 

Ex/tmptif. — 4.6623  gms.  sodium  hydroxide  were  diasolved   in 

1000  c.c.  of  solution  and  25  c.c.  of  the  latter.  eorresiMmding  to 

N 
O.II606  gm.   sodium    hydroxide,   required  2S.66  c.c-  rx    hydro* 


chloric  acid  for  neutralisation. 

N 
Since  lOOO  c.c.  erf  -r^  acid  correspond 


JO 


to  4.001  gms.  NaOH, 


=  0.004006  gm.  XaOH, 


it  is  evident  that  1  c.c.  -r=  acid'=  -—r 

28.06  c.c.  —  acid  correspond  to0.0(H001  X2S.66  =  0.IU7  gm.  NaOR 


This  amount  of  NaOH  wu  contained  is  25  ca.  of 
equivalent  to  0.1 166  gni.  of  llic  solid  BulxtAiw,  K)  ibu  the  |itf 
ceat.  of  aodium  hydroxide  present  can  be  caleuUled: 


(ft)  DeUrminatvm  of  Solium  Hydroxide  Prmad  im 
Soda  Soiuium. 

w 

For  Urn  tttntioo  Mtaroe  that  a  -x  aohitiaa  ii  at  WnlS 

1000  ex.  -?^^ -20.00  gaa.  N.OH- 

IV  ileal  ■afattoB  lo  t>e  auat^Md  baa  a  flpao&e  (mitr  ^  L2V 
at  15?  a,  and  bf  wtiwhiiHt  the  tabk  (h«  tfc*  M^fbawec)  «« 
And  d»t  the  aofatka  tbmM  toat^m  2ftJKI  pv  mbC  KtOB  hf 
«e«bt;  U.,  100  pm.  <tf  tlie  whrtfaB  aho«U  conufa  StJBO  i^aa. 
NaOU.  CHalf  inrtttd  <if  vdiUac  out  she  aoblMO  h  ia  acw- 
om!  and  ll»  pv  ami.  I7 -nlwBc  ia  < 

At  12&S^a.af  tfaaalcaSoaeafpfa  v«lwaao(100cx.weh«vft 

10P^>-l2»^;x 


Mt 


«•!«« 
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Assume  that  25  c.c.  of  the  solution  require  24.3  c.c.  of  ^  acid 

for  neutralization.     As  1000  c.c.  ^  acid    contun  - — - —  =20.0 

gms.  XaOH/  it  is  evident  that  1  c.c.  of  the  acid  corresponds 

to  0.02000  gm.  NaOH,  and  24.3  c.c.  —  acid  is  equivalent  to 

0.02000X24.3=0.4860  gm.  XaOH. 

25  c.c.  of  the  dilute  alkali,  therefore,  contain  0.4860  gm. 
NaOH,  and  1000  c.c.  of  the  dilute  solution,  or  60  c.c.  of  the  original 
alkali,  contain  0.4860x40=19.44  gms.  XaOH,  and  100  c.c.  of 
the  original  solution  contain 

60:19.44  =  100;x 

1044 

x-i^  =  32.40gm3.  NaOH. 

In  order  to  obtain  the  per  cent,  by  weight,  this  number  must 
be  divided  by  the  specific  gravity. 
In  the  assumed  case  we  have; 

1^=25.21  per  cent.  NaOH. 

Remark. — The  titration  of  alkali  hydroxides  with  methyl 
orange  as  an  indicator  will  only  give  correct  results  when  the 
alkali  hydroxide  is  free  from  carbonate,  which  with  commercial 
material  is  never  the  case.  The  above  results  are  too  high,  for 
they  represent  the  total  amount  of  alkali,  i.e.  the  amount  of 
NaOH+NajCOj,  though  the  latter  is  expres.sod  in  terms  of  NaOH. 
For  an  accurate  determination  of  alkali  hydroxide  in  the  presen-.^ 
of  alkali  carbonate,  see  p.  563. 

(c)  DetemviruUion  of  Ammonia  in  Aqueous  Ammonia. 
The  procedure  is  the  same  as  under  (6). 

(rf)  Ddermination  of  Ammonia  in  Ammonium  Salts. 

A  weighed  amount  of  the  ammonium  salt  is  placed  in  the 
flask  K  (Fig.  24,  p.  59),*  dissolved  in  about  200  c.c.  of  water,  and 

*  Or  better,  the  apparatus  Bbown  in  Fig.  7S,  p.  454,  may  be  used. 
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treated  with  10  c.o.  of  a  boiled  solution  of  10  per  cent,  caustio 
8(xla.  The  solution  is  distilled,  and  the  diatillato  rectaved  in  a 
known  amount  of  noniial  acid  Jn  the  receiver  V,  as  described  on 
p.  59.  The  excess  of  acid  is  titrated  with  normal  alkali,  using 
methyl  orange  a5  an  indicator  and  the  ammonia  calculated  from 
the  difference  between  tlie  amount  of  acid  now  found  and  that 
originally  in  the  recdver. 

Example. — The  amount  of  aimnonia  in  a  sample  of  commcr* 
cial  amii.oiiium  sulphate  is  to  be  determiued.  Aa  the  technical 
product  L&  never  entirely  pure,  a  large  aiDount  of  the  substance  is 
weighed  out,  and  for  the  sake  of  convenience  this  can  amount  to 
the  gram-equivalent  of  ammonia,  i.e.  17.03  girs.  This  quantity  of 
the  salt  is  dissolved  in  500  c.c.  of  distilled  water,  and  fur  the  analy- 
sis, 50  c.c.  of  tlus  solution  are  taken  (1.703  gms.  of  salt).  Ilus  is 
placed  in  the  flask  K  (Fig.  23,  p.  59),  diluted  witti  150  c.c.  of  wat^, 
and  distilled  after  the  addition  of  10  c.c.  of  10  per  cent,  caustic 
soda  solution.  The  distiliute  is  receivL>d  in  00  c.c.  of  half-normal 
hydrocbloric  acid,  tlie  excess  of  the  latter  tUrati^d  witli  lialf-normaJ 
alki;!!,  and  from  the  difTurence  the  amount  of  auuuuuia  calculated. 

N 
For  Uie  titration,  t  c.c.  of  ^  alkali  are  necessary;  consequently 

the  amount  of  ammonia  in  1.703  gms.  of  tliu  substance  neutral' 

N 

iiedOO-tc.c.  -s- acid.     This  correspond.?  to  (CO— OXO.OOSi'16  gm, 

NH3  and  in  per  cent. 

1.70:J:  (60-0x0.008515- 100:* 

(60-00.8515    m-t  -™ 

X- ^'^^ 2 percent.  NHi. 

(»)  Titration  of  Pyridine  Ba*t».    Method  of  K.  E.  Schvlte.* 
1000  r.c.  X.  afid-C.H,N- 79.05  Kiiis.  pjriiliiie. 

The  pjTidine  bftS4*  are  so  weak  that  they  cannot  be  titrated 
Willi  ordinary  indicators.  If,  however,  an  aqueous  pyridine  aolu* 
tion  is  treated  with  an  aqueous  solution  of  ferric  chloride^  the  iroii 
is  precipitated  as  ferric  hydroxide: 

F eCl, + SQH^ + 3H0H  -  3(C.H,N,  HO) + Fe(OH)^ 
"  •  Behclite,  SO  (1887),  p.  3301.  ~~ 
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If  norma!  sulphuric  ocid  is  very  carefully  added  with  conslAnl 
stirring  until  the  precipitate  redissolves,  each  ™bic  ccntiirn?lre  of 

the  acid  required  will  coirespoud  to  -  .'...f,.-  =  0.07905  gm.  pyridine. 

Procedure. — 5  c.c.  of  pyridine  are  dissolved  in  100  c.c.  uf  water, 
2&  R.c.  of  the  resulting  solution  are  treated  with  1  c.c.  of  5  per  cent. 
m[U('<ius  ferric  chloride  solution,  and  the  precipitate  of  rtnldish- 
brown  ferric  hj'droxidc  is  titrated  with  normal  sulphuric  Rtid  until 
completely  dissolved. 

3.  Determination  of  Alkali  Carbonates. 

Alkali  carbonates  can  be  tilrntod  Jn  the  cold  by  using  methyl 
ornn^c  as  an  indicHtnr,  the  cnd-jtnint  beinp  taken  as  the  change 
frotii  yellnw  into  reddish  orang*",  Wlven  fifth-,  half-,  and  normal 
acids  are  used  this  is  the  correct  cnd-jioint,  Ijut  with  tenth-nonnal 
acids  this  plianjie  is  obtained  a  little  (no  soon,  fur  larj^e  amounts  of 
carbonic  arid  exert  a  sliglit  action  upon  the  indiciitxir.  In  this  ease 
the  difficulty  is  liest  overcome  by  titrating;  the  solution  until  the 
orange  colur  is  olitalnt-d,  then  heatinf^  to  btHJinp  lo  expel  the  car- 
bon dioxide,  cooling,  and  again  titrating  until  the  now  yellow 
solution  becomes  orange  again.*  With  phcnolphthalein,  accurate 
results  may  be  obtained  by  titrating  the  hot  siilution  (cf.  p.  .5S4). 
According  to  Warder,!  sodium  bicarbonate  solution  reacts  neu- 
tral toward  phenolphthalcTn  in  the  cold,  so  that  when  a  sample  of 
sodium  carbonate  is  titrated  in  the  cold,  with  phenolplithalein 
as  an  indicator,  an  end-point  is  obtained  whvu  the  carbonate  'u 
changed  to  bicarbonate: 

Na^CO, + HCI  -  \aa  +  NaHCO^.t 

If  the  acid  is  allowed  to  run  upon  the  carbonate  solution,  a 
pait  of  the  carbon  dioxide  from  the  sodium  bicarbonate  is  lost, 
ao  that  too  much  acid  mvai  be  added  before  the  end-point  is 
reached.     On  the  other  hand,  correct  results  may  be  obtained  if 

♦  KiiBtrr  ivcomtriPiuIit  in  titrating  i-HrUoriHtes  with  metliyl  orange,  tliat 
a  blank  experiment  bi-  ninili'  lu  »-c  how  much  cfToct  an  e<|iiul  amount  ttt 
«at«r  salunitvd  with  carbon  dioxidu  hua  upon  the  same  omouat  of  ladic&tot 
solution.     (ZfJlarhr.  fijr  annrg.  Chom.,  XIIl,  p.  140.) 

t  Zw1«lir.  f.  nnalyt.  Ch.,  SI,  p,  102. 

i  ZeitsclT.  t  anorg.  Ch.,  XIIl,  p.  140. 
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Ibe  tiUmtJoa  U  earned  out  si  0°  in  the  pnsaiee  at  SaO  {cf.  p. 
S47).  TUa  is  iraportaat,  for  in  this  way  a.  coarcaMnt  method  is 
obtained  for  determioinf  the  amount  of  h\*dnMdde  in  Uw  pnwnoQ 
of  carbooate. 

3.  Defenninatton  of  Alkali   Carbonaia  and   Hjdrozide  In  Sie 
PrcMnce  of  aat  AnoChw. 

(a)  MetModofC.  Winiier. 

Of  the  many  niHhods  iHiieh  hare  been  propoeed  for  tfaii  detcf^ 
minatjon  that  of  Wmkitr  a  the  beat. 

In  one  portion  the  tocal  amount  of  alkali  preaGUi  is  detenaioed 
l^  tttration  mitfa  add,  oring  methyl  onnge  as  an  indieator,  and 
the  hydnutide  in  a  eeeood  purtkn  is  detcnnined  as  CoUows:  Hie 
ifcitioB  is  treated  with  baxium  ddocide  sohition,  when  the  foDow- 
ing  reaction  take  place: 

Na^CO,+  BaCl,-2Xaa+BaOO,  (ituohible). 

SXaOH  4^  BaCl,  =  2SaC\  +  Ba(OH)a(soIublc). 

The  sodium  of  the  carbonate  is  tranrformed  into  neutral 
aodhim  diloriflp,  while  inBoIable  barium  carbonate  is  prmpttaU!d 
bom  the  aolutioa ;  the  sodium  hydroxide,  however,  yidds  an 
equivalent  amount  of  bamira  hydnxide.  If  the  sohition  eontain- 
ing  phenolphibakui  is  BJowIy  titrated  with  hydrochloric  acid  with 
constant  stiniag,  deoolorization  is  effected  as  soon  &a  the  hydroxide 
is  ncutraliied.  The  amount  of  actd  used  eorre^iomia  to  the  amount 
of  hydroxide  origiaatly  pnaenL 

Example: 

1.  20cx.CNaA>i+X»<^»H) require rcj^.j^addforKftjrO,4NaOH, 

2.  30e.e.(Sm/X\+SaOH)     -      |    •*   ?^  "     •'  NaOH  alone, 
•D  that 

20  e  c  iS%fiO,+  NeOH)  require  T-t  c.c.  j^  acid  for  .Va^CO,; 
20  c.e.  of  the  solution,  therefore,  contain 

{«)txo.oi>*<»i  tr^.  Vaon, 

0)  iT-i)  >;O.UO53O0  gm.  Ns^OtV 
Btmark. — II  has  been  pn^xwed  to  add  an  exoen  of  barium 
chloride  solution  to  the  mixture  of  alkali  carbonate  and  hydroxide 
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contained  in  a  measuring-flaak,  then  dilute  to  the  mark,  thorougWy 
mix,  and  filter  through  a  dr}'  filter;  for  the  titration  an  aliquot 
part  of  the  filtrate  is  taken.  Tliia  method,  however,  will  only  give 
accurate  results  when  the  water  used  for  the  dilution  is  absolutely 
free  from  carbon  dioxide,  and  this  will  be  the  case  only  when  it 
is  previously  boiled  with  a  current  of  air  free  from  carbon  dioxide 
passing  through  it.  Further,  no  attention  is  paid  to  the  volume 
occupied  by  the  precipitated  barium  carbonate,  and  in  the  case 
of  a  large  amount  of  the  latter,  a  cotu-iderabie  error  is  introduced. 
The  method  uf  Winkler  dues  not  have  these  disadvantages.  Care 
must  be  taken,  however,  with  regard  to  the  addition  of  the  hydro- 
chloric acid  in  the  titration;  unless  it  is  added  very  slowly  some 
of  the  bariuu  carbonate  will  be  acted  upon  before  the  eud-puiut 
is  reached. 

(6)  ASethod  of  R.  B.  Warder, 

To  the  cold  *  solution  containing  phenol phthalein,  hydro- 
chloric acid  is  added  and  the  liquid  is  gently  stirred  vn.iX\  a  glaxs 
rod.  Decolorizatiou  takes  place  when  all  of  Uie  hydroxide  and 
half  of  the  carbonate  are  neutralized: 

NaOH-f-HCI  =  NaCl4-H,0, 
Na,a>,4-  HCI  -  NaCI-i-  NaHCO,. 

To  the  colorless  solution,  methyl  orange  is  added,  and  the 
solution  is  again  titrated  with  acid  until  the  other  half  of  the  car- 
bonate is  neutralized,  when  the  solution  tiiniH  brownish-red. 

If  the  amount  of  acid  used  fur  the  titration  witli  phenolphtha- 
lein  is  representetl  by  T,  and  that  neoesHary  for  the  titration  with 
methyl  orange  by  I,  then 

2/  c.c.  correajionds  to  the  amount  of  carbonate  praeentj  and 
T—t  represeuta  the  amount  of  hydroxide. 

4.  Detenninatlon  of  Alkali  Bicarbonates. 

The  solution  is  titrated  in  the  cold  until  an  orange  color  is 
obtiuiied  with  methyl  orange,  or  untiiacobrleaB  solution  is  obtained 
by  titrating  hot  with  phenolphthalein.    (See  page  553.) 

*  The  reMtilU  w  aocunlv  only  when  tlim  ■olutinn  !■  al  IT*  uul  NaCI  b 
praMot.    Cf.  KQs(«r.    Zcitacbc.  f.  aaorg.  Chan.,  XIII,  p.  134  (1897). 


1m  ABMBd  ponkm  tfae  tmaami  of  faiorinoste  iB 

A  diAdie  vvkne  of  4e  ■*HiiM  b  tivted  with 
of  todten  tTdraxide,  by  miiA  maas  the  UeaibaBMe  b  ihii^gpul 
•o  DBBXnl  cufaotKte: 

N'^CD,+  N*OH = X«,COi+  H,a 

Tub  xwon  now  wwifiitw  WMiiiiiw  eufaoBste  with  ns  bxmb 
ef  iijiBuw  hjilmuJe,  aad  the  amoiiBt  of  ihr  bttcr  fa  JetemiueJ 
M  daaOied  vdo- 3.  In  oiha- wwds,  fauinm  eUaride  is  added. 
thea  |iiiBrili*lliilrfn,  and  the  eofatioa  is  tttnted  until  rofeHnoL 
The  amoat  d  arid  Doviaed  coiwepotafa  to  tbe  exetm  of  sodtuna 
hyilimidg  added,  and  if  tUa  maait  is  dedortcd  frnm  th<>  total 
■offiom  hydroxide,  the  eonwpoaiBng  aaMamt  of  bkarbooatc 
wiD  be  obtaiued.  - 

ExampU: 

25  ex.  NayOO^+XaHOOb  requiml  T  ex.  ^  acid  Jbr 


Ka^CO^+XaHCOb; 
N 
10 


25  ex.  Na^CO,+  NaH00^+r,  ce.  ^  NaOH+BkO, 


V 

leqtured  I  ex.  ??  acid  for  the  excess  of  NaOU; 

25  ex.  'S%fiO,  +  NaHCXV  therefore,  require  J*,  - 1  te.  ^  add 

fortheNaHCO,    and    r-(r,-()  ce.  |^aehi  for  lheNa,OCV 
25  c.e.  of  the  original  soIuUod  contain 

(a)  (r.-oxo.oa'^nt  fm.XanOO,, 

(W  (T-T,  +1)  X0.003300gm.  Ka^X), 


I 
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Ranark. — In  order  to  make  sure  that  enough  sodium  hydrox- 
ide  solution  is  present,  the  same  amount  of  the  ~  alkali  is  added 

as   thoro   were   cubic  ccntdmctprs  used   of  —  acid  in  the  deter- 

nnnatioii  of  the  t<)t:il  alkali;  in  this  vQK,  then,  7'=T„and  t,  the 
exceiMi  of  alkali,  corif^iwiids  at  the  same  time  to  ihe  amount  of 
Na,CX),  prosent.  The  caustic  alkali  solutions,  even  when  origi- 
nally free  from  cailxjiiate,  gradually  absorb  it  from  tJic  air,  so  that 
in  every  ca^ie  tlie  aiiitiuul  of  carbonate  in  the  alkali  should  be  dctej- 
uiiucd  before  making  the  above  analysis  and  a  corresponding 
correction  applied  to  the  calculation. 

(fc)  Afahod  of  WardfT* 

Using  phenolphthalein  as  indicator,  the  solution  h  titrated 
with  hyil  roth  lor  ic  acid  miUl  colorless,  and  in  this  way  half  of  the 
carbonate  is  drtermiiii-'d.  Methyl  orange  is  then  athieil  atul  ihe 
solution  titrated  milil  a  browiiisli-n^i  color  is  obtaineil,  and  in 
this  way  the  total  amount  of  the  bicarbrjnale  togt-thi^r  with  half 
nf  the  carbunatt!  is  deLenniiied.  If  t  reprt^sents  the  amount  of 
acid  usi'd  in  the  first  litratJun,  and  T  the  total  amount  used, 
then: 

2t  c.C.  of  acid  correspond  to  the  amount  of  carbonate  and 
(2*— 20  c.C.  correspond  to  the  bicarbonate. 


6.  Determination  of  Alkaline-earth  Hydroxides. 
The  sohition  contaiuinf;  phenolphthalein  is  titrated  xmtil  colop- 


Icss. 


7.  Determination  of  Alkaline-earth  Carbonates. 


Tlie  carlmnali'  i.-^  dissnlvcii  in  an  i-xef?-s  of  the  standard  acid, 
boiled  U)  remove  iht"  carlMin  dioxidf,  and  the  excess  of  acid  titrated 
with  alkali,  using  methyl  orange  as  indicator  in  cold  sohuiim. 


♦  Cf.  Am.  Cli.  Joom..  Z,  No.  I.  md  Ch«m.  X«w,  M,  22S. 
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8.  DeterminaHon  of  Alkaline-Earth  Oxide  together  with 

Alkaline- Earth  Carbonate. 

This  analysw  is  based  upon  the  fact  that  calcium  cnrljonatc 
OS  well  Hi*  calcium  oxliic,  tieutraltzes  a  Holut:on  which  is  add  to 
methyl  orange  and  chaugt's  the  color  of  the  indicator.  One  niolo 
of  CaCOj  reacts  with  2  moles  HCI  before  the  solution  is  acid 
to  methyl  orange.  Toward  phenol phlhaleiri  calciutn  oxide  is 
basic,  but  calcium  carljonHlr  is  not,  and  the  end-point  is  reached 
when  all  the  calcium  oxide  i»  nciitTalized  and  the  calcium  carbonate 
begins  to  dissolve. 

Suppose,  for  example,  it  is  desired  to  determine  the  amount  of 
oxide  and  carbonate  in  a  sample  of  "quicklime."  The  lime  ia 
broken  up  into  plenes  aluHit  the  »\xe  of  a  pea.  exactly  14  jjms.  are 
acniraiely  weighiil  out  and  slaked  witli  b(iilp<l  water,  the  past^^  is 
washed  into  a  rrfH^-c.c.  flask  and  diluted  to  the  mark  with  wat*^r 
free  from  carhfui  dioxl<!e.  After  thoroughly  mixing,  50  c,c.  of 
the  turbid  liquid  \s  transferred  Ui  a  second  500-c.c.  flask  and 
again  diluted  to  the  mark. 

Determination  oj  the  Total  Caleivm. — SO  c.c.  (0.14  gin.  of  iiub- 

N 
stance)  of  the  last  solution  are  treated  with  60  c.c.  of  -  ■  hydro- 
chloric acid  and  heated  until  there  i*  no  further  evolution  of  car- 
bon dioxiilc,  the  solution  Is  ciioled.  ami   the  excess  of  the  add 

X 
titrated  with  ^  caustic  soda  solution,   twing  methyl  orange  as 

an  indicator.    For  this  purpose  t  c.c.  of  the  latter  are  re<iuifed; 

conacquejitly  60—^  c.c.  —  acid  were  ucccssary  to  neutralixe  the 

calcium  hydroxide  and  calcium  carbonate  in  the  60  c.c.  of  the 
solution  taken  for  analysis. 

Dettrminalion  0/  the  CaUium  Chnde. — A  second  portion  of  the 


freahly-shaken  solution   n   titratol 


\ 
with  rrx    hydrorhloric 


acid 


added  drop  by  dmp  to  iIh*  cot<[  sotiilion,  ui>ing  phcnolphlhalein 
as  an  indicator.  Assume  that  I,  c.c.  of  the  acid  were  necciwary  lo 
Dmitralize  the  calcium  oxide. 

Consequently,  for  the  neutraliuiUon  of  the  CftCO,-f  CsO  — 
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ft  N 

60— (  C.C.  jf.  acid  were  rrquircd,  and  for  the  CaO,  ti  c.o.  y^  nrid 

were  neces«ar>'-     I'or  the  ncutrflliMtion  of  the  CaCOg,  therefore, 

N 
60—  (f-hii)  c.c.  ^  acid  were  ncccssan.-. 

50  c.r.  wihition  (0.11  gin.  lime)  ooiiUiiii; 
(a)  (,X0.002805gm.  CaO,    (&)  («0-C(+/i)lX0.50n5  gm  CaCO^, 


and  in  per  cent. 


z— 


0.14:(iX0.(KI3fiO5-100:r 
fi  x0.2g05 
■     0.14 


'2(|  percent.  CaO 


and 


XI  = 


0.M:[60-((  +  ^,)]xf).0n.TOft.>^]0O:ri 
0.14 


per  cent.  CaCOj. 


9.  Determination  of  Alkaline-Earth  Bicarbonates. 

This  Hetennination  Hnd.*;  a  practical  applicBttnn  in  the  dctCN 
mination  nf  the  temporan.*  haniness  nr  waler. 

The  hardness  of  u  water  is  caused  by  the  presence  of  alkaline- 
earth  sait.<»,  either  those  with  str^mg  acids  (Ca.SOj,  MjeClj)  or  hicar- 
l>onat«3.  A  hard  water  is  recnj;nizc<i  hy  the  fact  that  it  gives 
with  a  clear  .^oap  solution  a  turbidity  or  even  a  precipitate,  and 
coasiderable  sonp  miist  be  abided  beff>re  a  lather  is  obtained  on 
Bhaking.  As  in  a  majority  of  cases  cairium  salts,  and  ciiiedy 
calriuni  bicarbonate,  prcdomiMate  in  auch  a  solution,  its  hard- 
new  is  itKiially  expressed  in  |)arl£  of  calcium  carbonate  (orcalninn 
oxide)  in  KWMXH)  parts  of  water. 

If  the  sohitifHk  contains  1  part  of  calcium  carbonate  in  100.000 
parts  nf  water  it  is  said  to  pos,sr.'v«  niip  ilcgree  of  haniness  (Kreiii-h) ; 
if  such  a  water  cfintains  n  parts  of  CatX),  in  the  same  c|uan1ity  nf 
water  it  possesses  n  degrees  of  hardness.  In  Germany  the  hanl- 
ness  is  expressed  in  parts  of  CaO  per  lOO.tKX)  parts  of  wat^rr,  while 
in  England  the  hanlncvfi  is  expressed  in  pniins  of  ralrium  cftHion- 
ate  per  Imperial  gallon.  In  the  Uniteii  Slates  hariitic."^"  is  usually 
expressed  in  grains  of  calcium  carlwnate  per  U.  S.  gallon,  which  is 
five-sixths  as  large  as  the  Imperial  gallon.    One  d^rec  of  hnrrlness 
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on  the  French  8cale  =  0.56  degree  oil  the  Gcnnan  RCJilc=0.70 
degree  on  the  Gnghsh  scale  =  0.580  degroe  on  the  U.  S.  Bcalo. 
When  magnesium  salts  are  present,  these  are  expressed  in  terms 
of  the  equivalent  amounts  of  CaCOj  or  CaO.  The  error  caused 
by  this  a^uniption  is  not  great,  for  the  amount  of  magnesium 
present  is  usually  small  compared  with  the  amount  of  ealcium. 
If  a  water  containing  ealeiuni  Iiicarlmnate  and  calcium  sulphate 
is  heated  ia  Ijoiling.  the  former  is  dewtniposed  with  the  precipita- 
tion of  calcium  carbonate^ 

Ca  (HC0j)2  =  H2O + C02 + CaCOj, 
while  the  calcium  sulpliate  rcuiaioit  in  solution.  In  other  words, 
the  hardness  produced  by  the  presence  of  alkaliue-eartb  bicar- 
bonatee  diiiappeurs  on  builiiig,  aud  is  deKigmLttHi,  llierefore,  aa 
"temporary  hai-diiesa"  to  distinguish  it  from  "pennanent  hard- 
ness," which  is  usually  caused  by  alkallnc-earth  salts  of  the 
stronger  acids,  usually  calcium  sulphate.  The  sum  i>f  the  tem- 
|x)rar>'  and  permaneut  hardness  of  a  water  reprusenta  tlie  total 
hardncBB. 

According  to  C.  Hehner,  the  temjwrary  as  well  as  [wnuaneat 
hardness  amy  be  determined  accurately  by  au  ulkalimethc  process. 

(a)  Ddermination  of  Tem-poranj  HardrieBB. 

100  CO.  of  the  water  to  be  examined  are  placed  in  a  white  por- 
celain evaporating-di^li,  a  few  drops  of  methyl  orange  are  added 

N 

and  the  solution  ia  titrated  with  jr-  hydrochloric  acid  until  the 

first  change  from  yellow  to  orange  takes  place.     From  the  amount 

of  hydrochloric  acid  used  the  amount  of  calcium  carbonate  present 
is  calculated. 
Example: 

100  C.C.  water  required  2.5  c.c.  jr  hydrochloric  add. 

AslOOOc.c.  ,T  hydroeWoric  acid  neutrahso  — ^^-^^  5.005  gma. 

N 
GaCOito  I  c.c.  —  hydrochloric  acid  will  neutraliw  0.005005  gm. 
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N 
CaCOa  and  2.5  c.c.  of  —   hydrochlon'c   acid    corresponds    to 

0.005005X2.5=0.0125  gm.  CaCOa. 

Then  if  100  c.c.  of  water  contain  0.125gm.  CaCX)3,  100,000 
C.C.  of  water  will  contain  12.5  gras.  CaCOa- 

Q>)  Determination  of  the  Permanent  ffardnett. 

Another  portion  of  100  c.c.  of  the  water  is  treated  with  an 

N 

excess   of  —   sodium   carbonat«  solution,    evaporated   on   the 

water-bath  to  drj-ness,  and  taken  up  in  a  little  freshly-boiled, 
distilled  water.  The  residue  is  filtered  and  washed  four  times 
with  hot  water,  while  the  filtrate  is  allowed  to  cool  and  afterwards 

N  .        . 

titrated  with  Tr=  hydrochloric  acid,  using  niethyl  oraDge  aa  indi- 
cator. If  the  amount  of  hydrochloric  arid  used  for  the  titration 
is  deducted  from  the  total  amount  of  sodium  carbonate  added 
to  the  water,  the  difference  represents  the  amount  of  sodium 
carbonate  required  for  the  precipitation  of  the  alkaline-earth 
salta  of  the  .'(trong  aei<l.s. 

N 
Example.— 100  c.c.  of  water-|-10  c.c.  tt;  NaaCOa  were  evapo- 
rated to  dn'nesa,  the  residue  extmctcd  with  water,  and  the  filtrate 

N 

titrated  with  j^  hydrochloric  acid;   tliis  required  8.7  c.c.  of  HCl. 

Consequently,   for  the  precipitation  of  the  calcium  sulphate 

10—8.7  =  1.3  c.c.   T7^  Na2C03  were  Dceessar>-,  which  corresponds 

to  1.3X0.005  =  0.0065  gm-  CaCOs  per  100  cc,  water  aud  0.5  gnu. 
CaCOa  per  100,000  c.c.  water. 

The  permanent  hardness  amounts  to  G.5  French  degrees  or 
6.5X0.56  =3.64  German  degrees. 

Remark. — The  above  method.*?  of  Hehner  for  the  determina- 
tion of  hardnciW  will  give  reliable  rcwlts  only  when  the  water 
contains  no  alknl!  carbonates  in  solution,  as  is  usually  the  case 
with  drinking-waters.  For  the  determination  of  the  amount 
of  alkaline  earth  present  in  many  minenU  wat€ra  it  is  obvious 
that  these  methods  cannot  be  used. 


ManiMHTRY. 
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10.  Detennination  of  Alkalin«-«arth  Stlti  of  Strong  Acldi. 
The  determination  is*  practically  tlio  kuiio  a»  was  inJicatwl 
above.    The  alkali ne-e»rtli  aalt  la  precipitatctl  by  innttm  of  Ah 

excess  of  titrated  sodium  cftrhonat«>  sohitmn,  «rnl  nftpr  fillrntinn 
the  excess  of  the  latter  is  dotorniirnxl  l»y  ti(r«lin«  Imck  witli  Held. 

Procniuri'.—A  aohuion  contaiiiiiiR  cnlpinm  ehlnHdi.*  ntid  hydh>- 
chloric  acid  is  to  be  analyjtM.  It  is  pUu-i'd  in  h  iiieiwviriiii!;  Ilu^^k, 
treated  with  a  few  dixipa  of  nx'tliyl  ornrijitf'  hihI  witli  undimii 
hydroxide  sulution  until  the  mrutral  |K)itit  i»  ruaeliiHi,  afU-r  wliicK 
an  accurately  measured  atiiouiil  uf  Kudiiim  ciirbixuitf  nrilntlnii  Ih 
added.  The  solution  is  licat4Hj  utitil  Iht^  |>ri-ei|>i1iil*>f|  eiileltiii) 
carbonate  becomes  crystalline,  alluwed  to  roiil,  diluted  up  to  the 
mark,  mixed,  filtered  through  a  dry  filli'r.iirid  tlir*  I'xi'eKmir  iM«diinii 
carboD&te  titrated  in  an  atitjuoi  part  nf  the  filtrotc.  Frufii  (he 
amount  of  sodium  carbonate  rcciniml  for  1.1m  pr(>fi|>il«Lloii  of  the 
calcium  the  amount  of  the  metal  ean  Ur  enlrulalitl. 

Remark. — Other  meiab  which  are  precipitated  by  MiUiuiu  car- 
bonate can  be  cteterminoJ  in  this  way. 

B.  ACIDIMBTRr. 

Aeiffe  are  determined  cither  liy  titration  with  iiantlftrd  niknii 

•olotion  or  a  known  amount  of  the  latter  w  added  ikkI  Mic  ex*-<t« 

titnlcd  with  standard  acid.  The  laller  metho*!  rw|iiireR  mfrro  Ini- 

rrtte  reading  and  '»,  therefore,  Icsw  jtatlirfactory  limn  (hn  former. 

Dgtenuiuation   of  the  Acid  Contents  of  Dilnt*  Min«ra]  Acfdi 
HCl.HHO,.  H,SO,/. 

Ths  ipeeific  gravity  of  the  aewi  ie  drtprminM  l*y  mMin*  of  hu 
from  the  tabkw  in  th«>  back  of  thi«>  F>o"k  th'*  itpr'i'""' 
ti  acid  pwauit  m  fW'-rmint^l.  A  weiKhr^l  iirnoimt 
«f  tb*  Hid  ia  Uwa  dilated  so  that  the  inflation  will  hnw^  approvl- 
^^ukf  tft«  fame  eHwntndDO  an  thai  of  th'  •  \'f  \\**A 

firiteciaaAio.    It ■  nalyxed  by  on* of  th**  tiu>i)i»da; 

1.  Jla  aeeumdr-ffuvnirvd  portion  of  Ih^  drliit^^l  Af*tH  VJSi  itt 
S  &&)  It  pta««d  in  a  beaker,  methyl  or  >  UU^\.  And  tha 

ii  tiuued  with  todinm  hydrrtxKJr  itil  a  yoHow 

br  ia  obtained. 

2.  Th*  dilat*  fmhjtion  ta  he  annlv'    '  '       '  lit  «  bnrflii#, 
iwRlr  it  a  definite  amonnt  of  tiomni  •(•■•I. 
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3.  A  de£mt«  volume  of  the  diluted  actd  is  titrated  with  -rs 

Ba(On)j  solution  or  with  sodium  hydroxide  free  from  carbonate, 
using  phenolphthalcin  as  an  indicator.* 

N 

Example. — For  the  aDal^nsis  -^  NaOH  is  at  hand. 

The  hydrochloric  acid  to  be  analyzed  had  at  15*  C.  a  specifir 

gravity  of  1.122,  corresponding  to  about  24  per  coit.  HCl  by 

weight. 

,«n«        N      ,.       .    .      . ,  .    ,    ,  .    HCl    36.47 

1000  c.e.  -^  eodium  hydroxide  are  equivalent  to  —^= — ^  "" 

N 
- 18.23  gms.  HCl,  and  100  c.c.  -^  XaOH  neutralize  1.823  gms.  HCL 

Consequently 


100:24-*:1.823 
182.3 


«**— ^^=7.595  gnis.  of  the  above  acid 


P 


N 
vould  be  required  to  make  100  c.c.  of  ~  acid,  if  it  contained  exactly 

24  per  cent.  HCl.  About  this  quantity  (say  8  gms.)  is,  therefore, 
weighed  out,  and  as  the  specific  gravity  of  the  solution  is  1.122, 

this  will  require  tt^o"  ^-^  ^•^-    About  7  c.c.  of  the  acid  are  placed 

in  a  tared,  glass-stoppered  ■weighing-tube,  the  tube  and  its  con- 
tents weighed,  the  latter  wa.shrd  into  a  lOO-c.c.  measuring- fla.*ik 
and  diluted  with  distilled  water  up  to  the  mark.  After  thoroughly 
mixing,  25  c.c.  of  the  acid  are  measured  ofT  and  analyzed  by  one 
of  the  above  mclho<is.  Assutiio  that  tlie  urigmal  weight  of  the  acid 
amounted  to  7.9023  gms.  and  tliat  25  c.c.  of  the  diluted  acid  re- 

N 
quired  25.80  c.c.  of  —  alkali,  then  100  c.c.  would  require  25.80X4— 

103.2  c.c.  of  ^  alkali,  corresponding   to   103.2X0.01823=1.8813 


*  Whvn  pbenolplitbalcm  U  luud  as  an  indicator  In  cold  soluUons  the 
adds  must  b«  diluted  with  water  free  from  carbonate. 


NTOftMS  SfwtNMC  UAOMMfc 


%n 


gms.  HO  «»d  k  per  ewl. 

144   I 

Iianark.~h\ste&ii  of  woijthtnff  mil  llir*  nt'lil  fne  Mih  Hhnlvtlll, 
it  can  be  meusurcd  atid  rniiii  ttir  per  (Ttit.  Iiy  viiliillin  fiiittlil  Ihl 
per  cent,  by  weight  rnlculaitHl.  An,  iHitvi'Vrr,  llit<  N(iM>lllf<  |(iflV'< 
ky  03  dctcnnincd  by  on  ueomtiet  U  not  vvty  HH'Utnit*,  II  In  tiMlH 
to  weigh  tiie  acid-* 

Analysis  of  Commercial   MyftrfriM  Maftfttr  t'hififlyf*. 

Stannic  chk>rid«,  w  dii»(l  f'lT  a  »i/pr<lHftt  In  'ty^hfK,  h  tUfinhiHt 
••  tlK  »oUd  salt  BaOt+iUfi,  or  1ft  «  r/rfi<w>ft<fn<^'l  ffrpf^niff  ««hV> 
tioo  of  about  5(r  0«. 

1W  fatter  ii  obumerl  by  ir«M6(rfr«  mMeltV  (M  hv  hv^^ 
■id  oinrfiaing  flke  ftMlWrtTti  AMnfiftA  ffft'  -0 

«r  0MMaMR  iMMf^ 

hf  AwMfhT  if*  #«f*^  'l^  fffttf+tn/  tfc<l 
Jy  an^  a>VNHC  in^'i'iiw  •• 
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The  gravimetric  determination  of  both  tlie  tin  and  the  chio 
rine  has  been  described  on  p.  321,  but  licre  will  be  ^iven  a  method 
for  cletemiining  the  amount  of  the  latter  volunielrlcally. 

If  stannic  cliloriJe  is  dJlute^l  with  water,  the  salt  is  hydro- 
lytically  decomposed,  and  the  solution  reacts  acid : 

8nCI,+4H0H  pfi  SnCOH).+ 4nCl. 

ConHet^nenlly  if  nietliyl  orange  ia  n<lfI(Hl  t-n  the  diluted  solu- 
tion, ilie  amount  of  aoid  may  be  titrated  with  caustie  soda  solu- 
tion, aijd  from  the  amount  iisod  the  chlorine  combined  with  tha 
tin  pan  be  calculated,  pntvidtv!  no  other  aeid  is  present.  Jf  the 
atannie  chloride  was  prepared  by  osidation  with  potassium 
chlorate  or  nitrate,*  the  solution  will  also  contain  chlorine  eoni- 
hined  with  potaaaiimi.  The  total  chlorine  can  Imj  determined  by 
ailding  a  few  dnips  of  neutral  potassium  chromate  solution  to 
the  sohition  which  has  been  titrated  with  sodinm  hydroxide,  and 
titrating  with  silver  nitrate  solution.  If  to  this  way  more  chlo- 
rine is  found  tlian  corresponiia  to  the  amount  of  hydrochloric 
acid  neutralized  by  the  alkali,  the  iliffcrenee  Is  expressed  in  terms 
of  potassium  chloride.  If,  nn  the  other  hand,  less  chlorine  ia  found, 
tlie  presence  of  some  other  acid  in  the  tin  sniutinn  is  lutfured. 

To  illustrate  the  accuracy  of  such  an  analysis,  tlie  folltiwing 
results  will  be  given:  \  sample  of  solid  stannic  chloride 
(SnCl^+oHjO)  was  analyzed  gravimctrically,  as  dr«cribe<l  on 
p.  321,  It  wiw  found  to  contain  42.02  per  cent,  of  chlorine  and 
34.7^  jwr  cent,  of  tin. 

Two  portions  were  tlien  aoalyaed  volumetrieally  by  Utmtioo 
£rat  with  sodium  hydroxide  and  then  with  silver  nitrate: 

A.  0.S53.1  gm.  of  tin  salt  required  20.06  c.c.  ^  sodium  hy- 

N  N 

droxide  and  20.34  c.c.  -;r-  silver  nitrate.    As  i  c.c.  ';r-  solution  corr»- 

■ponds  to  0.01773  gm.  of  chlorine,  it  is  evident  that  20.06  c.c.  ^ 

*  Thn  potaaaium  aitrale  ia  u!U^  upon  by  the  rxcras  of  hydrocliloric  add 
prMPnt  romimg  the  chloride,  nod  the  excess  of  Vivt  acid  u  afterwards  miioverf 
by  <;vaporatioii  a*  much  aa  poaaibla. 
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Bodium  hydroxide  represent  20.06X0.01773  =  0.3556  gm.  chlorine 

N 
or  41.67  per  cent.  CI,  and  20.34  c.c.  -^  silver  solution  show  20.34X 

0.01773-0.3605  or  42.25  per  cent.  CI. 

N 
B.  0.8383  gm.  of  tin  salt  required  19.79  c.c.  -^  sodium  hydroxide 

N  N 

and  19.92  c.c.  -^  silver  nitrate.   19.79  c.c.  -^  sodium  hydroxide 

represent  19.79X0.01773=0.3508gra.chlorineor  41.84 per  cent.  CI. 

N 
19.92   C.C.  -^  silver   solution   show  19.92X0.01773=0.3531   gm. 

chlorine  or  42. 12  per  cent.  CI. 

The  above  analysis  shows  that  the  tin  salt  was  practically  free 
from  potassium  chloride  by  the  comparative  agreement  of  the 
results  obtiuned  by  titration  with  sodium  hydroxide  with  those  of 
the  silver  nitrate  titration.  In  the  absence  of  free  hydrochloric 
acid,  the  tin  can  be  determined  from  the  amount  of  chlorine  founds 

4C1       Sn 
141.84:119.0=41.75  *:x 

£=35.03  per  cent,  tin  instead  of  34.73  per  cent,  as  found  gravi- 
metrically. 

Remark. — It  is  only  permissible  to  compute  the  amount  of  tin 
present  from  the  amount  of  chlorine  found  by  titration  when 
there  is  no  free  hydrochloric  acid  present.  It  is  never  ]K)ssible 
to  know  whether  this  is  the  case  or  not,  so  that  the  volumetric 
detennination  is  only  tiseful  as  a  check  upon  the  gravimetric 
method. 

Determination  of  the  Acid  Contents  of  Fuming  Acids. 

Highly  concentrated  acids  must  be  always  weighed  and  not 
measured,  in  order  to  avoid  loss  by  evaporation.  The  weighing 
is  best  accomplished  by  means  of  the  Lunge-Rey  iiipette,  shown 
in  Fig.  88. 

*  41.75  ia  the  mean  of  the  values  obtained  by  titration  with  alkafi. 
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The  lower  tube  is  removed,  J  c.c.  of  water  is  placed  within 
it,  and  tliis  is  weighed  together  with  the  drj*  upper  pipette,  but  the 
two  parts  are  left  unconnected.  The  lower  t^top-cock  is  closed,  the 
upper  one  opened,  and  a  sliglit  vacuum  b*  produced 
in  the  bulb  by  sucking  througli  the  upper  tube  and 
then  clueing  the  stojMrock.  The  dry  poiut  of  the 
pipette  is  now  ititrudiireil  into  the  funiing  acid 
(in  tlie  case  of  solid  pyrosulphuric  acid  it  is  6rst 
liquefietl  by  warming  slightly)  and  the  lower  stop- 
cock is  opened.  As  soon  as  the  widened  part  of  tha 
pipette  below  the  lower  bulb  is  i  to  J  full,  the  stop- 
cock is  cluticx^l,  taking  care  that  none  of  the  liquid 
reaches  up  to  it. 

'Hie  acj<l  on  the  outside  of  the  pipette  is  care- 
fully wipeit  off  with  filter-paper;  tiie  two  parts  of  the 
pipette  are  now  connected   for  the  first  time  and 
again  weighed.    The  amount  of  acid  taken  for  the 
analysis  should  aniniuit  to  fmni  0,5  to  1  gm.    The 
point  of   the   pipette   18   then    dip[ied   into   about 
100  c.c.  of  distilled   water  contained  in  a  beaker. 
iiQ.  8S.        j^fjj^  [,y  opening  first  the  upper  st^ip-cock  and  then 
the  lower,  the  acid  is  allowed  to  nm  into  the  water.    The  amount 
remaining  in  the  two  parts  of  the  pijwtte  is  also  wa&hed  into  tha 
beaker. 

If  the  acid  to  be  analyzed  is  hydrochloric  or  sulphuric  acid, 
methyl  orange  is  added  and  the  solution  is  titrated  with  a  half- 
normal  sodium  hydrovide.  If  it  is  nitric  acid,  an  excess  of  sodium 
hydroxide  is  first  added,  then  a  little  methyl  orange,  and  the  titra- 

N 
tion  ia  completed  with  -^  hydrochloric  acid.*    When  one  of  the 

above  pipettes  is  not  available,  the  weighing  out  of  tJie  sample 
for  analysis  can  l>c  effected  as  follows:  A  thin- walled  bulb  with 
about  I  c.c.  capacity  is  blown  between  two  ends  of  capillary  tubing. 
After  weighing,  the  upper  piece  of  capillary  tubing  is  connected 
with  a  small,  ordinary  pipette,  at  the  ends  of  which  are  attached 

*  In  this  way  the  action  of  Uie  ever-preseat  ajttoiu  acid  upoa  tfaa  liidi- 
CAtor  M  avoided. 
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{neeee  of  rubber  tubing,  and  the  latter  are  closed  with  pinch-cocks. 
The  bulb  is  filled  as  follows: 

Hie  lower  pinch-cock  is  closed,  the  upper  one  opened,  and  a 
vacuum  produced  by  sucking  through  the  upper  tube  and  then 
dosing  the  pinch-cock.  The  lower  point  of  the  weighed  tube  is 
introduced  into  the  acid  and  the  lower  pinch-cock  opened.  When 
the  small  bulb  is  one-third  full  the  pinch-cock  is  closed,  the  upper 
end  of  the  capillary  tubing  is  melted  together,  and,  after  wiping 
oCF  the  acid  from  the  outside,  the  lower  end  is  likewise  sealed, 
and  the  bulb  weighed.  About  100  c.c.  of  water  are  placed  in  a 
flask  with  a  closely  fitting  ground-glass  stopper,  the  weighed  bulb 
is  thrown  in,  and  it  is  broken  by  shaking.  In  this  way  the  very 
strongest,  fuming  sulphuric  acid  can  be  dissolved  in  water  with- 
out loss.  On  the  other  hand,  the  pipette  shown  in  Fig.  88  is  not 
ao  good  for  the  weighing  out  of  an  acid  containing  70  per  cent,  or 
more  of  SO,.  If  the  acid  is  not  too  concentrated,  this  bulb  may 
be  emptied  as  was  described  for  the  pipette. 

For  the  analysis  of  the  solid  anhydride,  Stroof  places  a  little 
in  a  dry  weighing  tube,  and  concentrated  sulphuric  acid  of  known 
strength  is  added  until  a  fuming  acid  of  about  70  per  cent.  SO, 
is  obtained.  To  effect  solution,  the  mixture  is  warmed  to  about 
30**  to  40°  0.  in  a  loosely  stoppered  bottle.  The  acid  thus 
obtained  is  analyzed  as  above.* 

Computation  of  the  SO3  Contents  of  a  Fuming  Sulphuric  Acid. 

The  above  titration  gives  not  only  the  sulphuric  anhydride 

present,  but  also  the  never-failing  SO,.    In  a  separate  portion, 

therefore,  the  amount  of  the  latter  is  determined  by  titration 

N 
with  a  TTT  iodine  solution  (see  lodimetry),  an  equivalent  amount 

is  subtracted  from  the  total  amount  of  sodium  hydroxide  used, 
and  from  the  difference  the  total  SO,  present  is  computed. 

With  regard  to  the  SO,,  the  following  reactions  take  plaof 
during  the  titrations: 

H,SO,+NaOH=  NaHSO,-|-H,0 
H,SOa-l-H,0-|-l2  =  2HH-H2S04. 

•  G.  Finch  (Chem.  Ztg.,  1910,  297)  and  R.  H.  Vemon  {ibid.,  1910,  TW) 
uas  a  different  apparatus  and  larger  samples,  thus  getting  more  accurate 
nwiha 
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It  is  to  be  noted  in  the  first  reaction  that,  although  siJphuroua 
acid  is  a  dibasic  acid,  the  end-point  is  reached,  with  iriethyl  orange 
a5  an  indicator,  when  the  first  hydrogen  titom  has  betn  neutralized. 
From  the  two  equations,  then,  it  is  evident  tliat  2  gm.  atoms  of 

iodine  are  equivalent  to  1  gm.  molecule  of  NaOH,  or  1  c.c.  tt:  iodine 

N 
solution  is  equivalent  to  J  e.c.  -rrr  sodium  hydroxide. 

N  N 

Since,  in  general,  5  c.c.  -r^  solution—  1  c.c.-^  solution,  then 

1  c.c.  Tj7  solution—^  C.C.  ■^  solution^ 

N  N 

and  in  the  given  case  1  o.o.  -rr  iodine—  iV  ^•^-  tt  sodiuin  hydroxide; 

lU  £l 

N 
8o  tliat  if  T  c.c.-^  alkali  were  used  in  the  first  titration  of  tlie 

N 
total  acid  preaentj  and  i  c.c.  of  t?  iodine  solution  for  tlie  oxidation 

of  the  sulphurous  acid,  it  is  plain  that  "^—tt:  represents  the  amount 

of  alkali  necessarj-  for  the  neutralization  of  the  total  sulphuric  acid. 
The  SO,  is  datermined  by  an  indirect  analysis. 
We  will  assume  that  the  fuming  acid  consisted  of 

S0,=  o 


100 
then  100-a-«+y. 

In  order  to  determine  x  and  y  a  second  equation  is  nMessary, 
and  this  is  found  from  the  titration  of  the  total  sulphuric  acid. 
Assume  that,  after  the  deduction  corresponding  to  the  amount  of 
SO,  has  been  made,  the  total  amount  of  H^SO*  was  found  to  be 
p  per  cent.,  then ; 

1.  x+y  -lOO-a 

2.  *+my-  p 


y— ^— — . — -—per  cent.  SO, 
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x=100-Ca+t/)=per  cent.  H^Q, 

.     „  H2S04    9S.0S6     ,  „„„ 

In  equation  2,      m=  -g^-  =  -^^^^  =  1.2250 

and 

m- 1=0.2250 

Example* — 3.5562  pms. of  fuming  acid  were  diluted  to  500 t.c., 
and  of  this  amount  100  c.c. =0.7112  gm.  were  taken  for  analysis. 

N 

1.  100   c.c.   required    5.40   c.c.   ^  iodine  =  5.4  XO.003203- 

0.01730  gm.  SO,=  2.43  per  cent.  SO,=a. 

N 

2.  100  c.c.  required  34.40  c.c.  -^  sodium  hydroxide 

From  the  latter  must  be  deducted  0.54  c.c.  to  correepoiic  to 
the  amount  of  alkali  necessary  for  the  SO,.    34.40- 0.54 -33.se  co. 

33.86X0.02452-0.8305  gm.  H,SO."- 116.7 per  cent.-^ 

If  these  values  are  introduced  in  the  above   equatioDt   we 
obtain 

119.16-100      19.16      „.  ,^  ,   „^ 

and 

j:=  100- (S5.io  +  2.43)  =  12.42  per  cent.  H2SO4. 

The  acid  contains,  therefore: 

HzS04=   12.42  t 
SOj-  85.15 
SOj-     2.43 

100.00 


•  Lunge,  ZeitBchr.  f.  angcw.  Ch.,  1895,  p.  221. 

t  like  all  indirect  analyses,  the  results  obtained  are  not  abaolutely  arcu. 
rate.  Almost  all  fuming  acids  contain  solid  constituents  which  are  neg- 
lected in  the  above  calculation.  It  would  be  more  accurate  to  detetraine 
the  amount  of  the  latter  in  a  separate  portion,  by  weighing  the  naidue  od 
ignition. 


580 


yOLUMETRlC  ANALYSIS. 


Preparation  of  Concentrated  Sulphuric  Acid  Mixtures  (M.  Gerster.) 

It  is  often  necessary  to  prepare  fuming  aulphxiric  acid  o( 
definite  conct-ni ration. 

Given : 

(fl)    Fuming  sulphuric  acid  {A)  with  a  per  cent,  free  SO,. 

(h)  Sulphuric  add  {B)  with  c  per  cent.  HjSO,  and  100— c  pw 
cent,  water. 

A  fuming  acid  containing  h  per  cent,  free  SO,  is  desired. 

To  obtain  the  latter,  300  gms,  of  the  acid  .'I  are  mixed  with 
X  gms.  of  the  acid  B.  It  niuKt  he  remembered,  however,  that  ihfl 
water  in  the  acid  B  requires  SO,  jn  order  to  form  100  per  cent, 

H,0+SO,-H^<. 
Hha  add  B  requires  for  the  water  present  In  each  100  gnu 

H,O:SO,={100-c):y 
riOO-c)  SO,    (100-c)  80.06 


H,0 


1S.02 


=  4.44 (100-C)  gnia.SOb. 


If  100  gms.  of  the  acid  B  require  4.44  (100-c)  gms.  SO,  from  A, 
then 
z  gms.  of  the  acid  B  require  0.0444  (100— c)  z  gms.  SO,  from  ii. 


Now 


(lOO+a:)  :[o^0.0444  ( 100  ^c)x]- 100:6 
100(a-6) 


444+ &- 4.44  e 


gms.  of  B. 


Example.— 'Tho  fuming  actd  A  ooatains  25.5  per  cent,  trm 
90,- a. 

Sulphuric  acid  B  contains  98.2  per  cent.  H,SO<—& 

The  acid  desired  ia  to  contain  19.0  per  rent.  SO,— 6. 

If  these  values  are  inserted  in  Ihc  above  equations,  we  obtaiD 

100(25.5  - 19,0)  650     „,  „  „  «^     „ 
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We  must  add,  therefore,  24.07  gmg.  of  tlie  98.2  per  cent,  sulphuric 
Mid  to  100  gms.  of  the  fuming  add  in  ordar  to  obtain  an  add 
containing  19.0  per  cent,  of  free  SO,. 

litration  of  Hjdrozylamine  Salts. 

Hydroxylamine  hydrochloride  reacts  neutral  towards  methyl 
orange  and  acid  towards  phenolphthalein.  .  If  the  latter  is  added 
to  an  aqueous  solution  of  the  salt,  and  the  titration  is  made  with 

Tjij  alkali,  the  end-point  will  be  obtained  when  the  total  amoimt  of 

acid  present  has  been  neutralized  by  the  alkali.  It  is  impossible 
to  determine  the  amount  of  free  hydrochloric  acid  present 
when  phenolphthalein  is  used,  but  it  can  be  done  with  me^yl 
orange.     Romijn  *  recommends  for  the  titration  of  the  add  a 

Ijr  borax  solution. 

Hydrofluoric  Acid. 

1000  ce.  noimal  a1kaU-HF-20.01  gnia.  HP. 

Hydrofluoric  acid  can  be  titrated  with  phenolphthaldb  as  an 
indicator,  but  not  with  litmus  or  methyl  orange.  The  add  is 
measured  out  into  a  platinum  dish  by  means  of  a  pipette  which  is 
coated  with  beeswax,  an  excess  of  sodiimi  hydroxide  free  from 
alkali  is  added,  and  the  excess  of  the  latter  is  titrated  in  hot 
■olution  with  an  acid  of  known  8trength,t 


Hydrofluosilicic  Add. 

The  titration  of  this  acid  may  take  place  according  to  either 
of  the  following  reactions: 

I.    H^iF, + 2K0H = KjSiF, + 2H,0, 
II.     H^iF,+6KOH=6KF+2H,0+Si(OH)«. 

*Z.  anal.  Chem.,  36  (1897),  19.    This  method  baa  not  been  tested  in 
tha  Author's  laboratory. 

t  Cf.  Winteler,  Z.  angew.  Chem.,  1902,  p.  33. 
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According  to  Equation  I. 
1000  c.e.  normal  KOH  or  Iia(OH),  =  7li.l6  gme.  H,SiF,. 

Aulhor^s  Method. 
If  hydrofluoailicic  anid   is  titnitcd   m  the  cold  wltli  caustic 
potash,  using  phcimlphthalotn  as  indicator,  a  red  color  appears 
after  a  time,  Imt  disaiipears  later  on  account  of  the  excess  alkali 
reacting  accortling  to  the  e(|uation: 

K,SiF,+'lKOH  =  0KF+Si(OH),. 

This  la«t  reaction,  however,  lakes  place  so  slowly  that  it  is 
iinpoKsibEc  to  obtain  a  distinct  end  point.  If,  however,  the 
solution  ia  diluted  with  an  equal  volume  of  alcohol,  tlicn  2  or  3 
drops  of  phenolplitlialein  added,  it  cau  be  titrated  with  teuth- 
nornial  potassium  or  barium  hydroxide.  The  iuscluble  potassium 
or  barium  iluosilicate  separates  out  and  is  not  acted  upon  by  an 
excess  of  the  alkali,  so  that  a  sharp  end  point  is  obtained.  Sodium 
hydroxide  forma  a  soluble  salt  so  that  the  titration  cannot  be 
made  with  this  reagent. 

InHirrH  Method  of  Penjidd* 
Penfield  treats  the  solution  to  be  titrated  with  an  excess  of 
KCl,  dilutes  with  an  equal  volume  of  alcohol,  and  then  titrates 
the  hydrochloric  acid  set  free  in  the  reaction, 

H,SiF, + 2KCI  =  IC,SiF,  -f  2UC] , 

with  tenth-normal  sodium  hydroxide  solution,  using  cochineal 
as  indicator.     Methyl  red  is  preferable  to  the  cochineal. 

According  to  Equation  n. 
1000  ex.  normal  XaOH=  24.05  gm.  H^SiF,. 

(a)  Method  of  Sahlbom  and  Hinrichsen.'f 
The  solution  is  titrated  at  the  temperature  of  the  water-bath 
with    tenth-normal    sotlium    hydro.\ide   solution,  using    phenol- 
phttialcm  as  indicator. 

•Cham.  Newj!.  S»,  179. 
t  Ber.,  M,  2600  (11»«). 
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(6)  Method  of  Schucht  and  MoUer* 

The  solution  to  be  titrated  is  treated  with  an  excess  of  neutral 
oalcium  chloride  solution  (25  c.c.  of  4N.  CaCl,)  and  titrated  with 
tenth-normal  sodium  hydroxide,  using  methyl  orange  as  indi- 
cator.   The  following  reaction  takes  place  in  the  cold: 

H,SiF6+3CaCl,+  6NaOH=3CaF,+6NaCl  +  Si(OH)«+2H,0. 

During  the  titration  the  solution  remains  clear,  for  the  CaF, 
and  the  SiCOH)^  remain  in  colloidal  solution.  Phenolphthalein 
should  not  be  used  as  indicator,  as  it  is  hard  to  decide  upon  the 
correct  end  point. 

In  the  titration  of  salts  of  hydrofluosilicic  acid,  however, 
the  titration  must  always  be  carried  out  with  phenolphthalein  as 
indicator: 

No^iF,+3CaCl,+4XaOH=3CaF,+GNaCl+Si(OH);. 

In  this  case 

1000  c.c.  of  normal  NaOH  =  47.08  gms.  of  NajSiF,. 

Determination  of  Organic  Acids. 

Hethyl  oraiige  cannot  be  used  for  the  titration  of  organic  acids, 
but  ather  phenolphthalein  or  litmus  may  be  employed.  If  car- 
bonic acid  is  present  al  the  same  time,  the  titration  is  made  in  a  hot 
■olution  (cf.  p.  554).  It  is  best  to  dilute  the  organic  acid  with 
water  free  from  carbon  dioxide,  add  phenolphthalein,  and  titrate 
witli  half-normal  bariimi  hydroxide  in  the  cold. 

To  iUvairate. — It  is  desired  to  analyze  a  sample  of  acetic  anhy- 
dride.  The  only  impurity  that  the  distilled  product  is  likely  to 
contain  is  acetic  acid,  so  that  it  is  a  question  of  determining  the 
amount  of  acid  and  anhydride  in  the  presence  of  one  another. 
Such  a  problem  can  be  solved  only  by  an  indirect  analysis. 
Hie  mixture  is  weighed  out  in  a  small  glass  bulb  and  then 
thrown  into  an  accurately-measured  amount  of  standard  barium 
hydroxide  solution.    The  latter  is  contained  in  a  flask  which  is 

•  Ber.,  39,  3693.     This  method  has  not  been  tested  by  the  author. 
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connected  with  a  retum-flow  condenser  and  at  the  top  of  the 
condenser  a  soda-lime  tube  Is  fitted.  The  contents  cf  the  fiaflk 
are  warmed  gently  uniil  the  oil  has  completely  dissolved;  it  is 
thereby  changed  to  acetic  acid, 

ra^/° + H.0-  2CH,C00H, 

and  the  latter  is  neutraliTed  by  the  alkali.  After  the  reaction  Is 
complete,  a  drop  of  phciolphthalein  h  r.ddcd  r.nd  the  solution 
is  decolorixed  by  the  addition  of  a  tltra'-cd  Lcid.  From  the  amount 
of  the  latter  used,  th->  excess  of  the  alkali  is  knowT!,  and  if  this 
is  deducted  from  the  tot'd  amount  of  alkali  in  the  flask,  the  amount 
necessary  for  the  complete  neutralization  of  the  a  ^etic  acid,  whether 
originally  present  as  the  free  acid  or  in  the  form  of  its  anhydride, 
can  be  calculated: 

C.H.O,  CH.O, 

1.  X     +     y    =  p  (original  weight] ; 

2.  m*    +     y    =  5  (weight  acetic  acidaflertheaction  of  water); 


and  from  this  ar  can  be  calculated. 


m-1 


r  (1-P)p 


..    ,.                 ,.               2C2H^     120.06 
and  in  these  equations  m=  ^  ,.  ..    = 

C4HgU3 


m-1 


102.05 
=6.6S5. 


1.1765    and 


Example. — ^The  absohitcly  clear  preparation  of  acetic  anhy- 
dride from  a  weJI-known  firm  gave  the  foilowiog  results,  0.9665  gnu 
being  taken  for  the  analysis: 

N 
200  c.c.  of  barium  hydroxide  solution  required  187.79  c.c.  t^HCI; 

200  CO.  of  barium  hydroxide  +  0.0665  gm.  of  substance 

N 
required  6,03  c.c.  y^  HCl; 

so  that  the  0.&665  gm.  of  substance  was  equivalent  to  181.76  e.a 
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N  N 

-T-  liCI.  anrl  this  amount  of  —  Ra(OH},  wiluiitm  -ATiijId  have  l»een 

rpqiiired  to  npulralize  it.    This  corresponds  to 

18I.7GxO.OO0Oa3  =  l.O911  gms.  acetic  acid-j. 

If,  now  the  values  of  p  and  q  are  ialroduccd  in  tho  previous 
equations,  we  obtain 

jt-5.t>65(I.0911-0.9GG5) -0.7059  giu.  anhydride, 

and  in  per  cent. 

0.9665: 0.7059-1 00  :x 

X— 73.04  per  cent,  acetic  anhydride. 
The  preparation,  therefore,  rontained 

Acetic  anhydride  =   TAX\\  per  cent. 

...       .,  26,96  percent. 

Acetic  and  —  ,^„  tu*- r 

100.00  per  cent. 

Remark. — Acetic  acid  anhydride  is  a!jM»  hydrolyzed  hy  water 
at  the  onlinarj'  tcmperaturr.  U  a  weighed  amount  of  the  sub- 
stance is  shaken  with  water  in  a  flask  until  no  moi-e  drops  of 
anhydride  are  to  be  reeognized,  and  the  arntic  arid  fornifd  is 
then  titrated  with  barium  hydroxide,  umng  phenolphlhalein  as 
indicator,  correct  results  are  obtained  if  the  water  used  is  entirely 
free  from  carbon  dioxide,  [t  i.s  always  safer,  however,  to  carry 
out  the  determination  a;*  outlined  above. 

In  some  faetories  the  analysis  of  acetir  acid  anhydride  is 
carried  out  by  the  nietbtid  of  Menschutkin  and  Wa-siljeff.  This 
is  based  upon  the  fact  that  when  acetic  arid  anhydride  ia  treated 
with  freshly  distilled  aniline,  acetaniltdc  is  formed  in  accordance 
with  the  following  equation. 


t 


s« 
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whereas  acetic  acid  itself  Uoea  not  form  acetanilide  under  the  same 
conditions.  Two  or  three  grama  of  commercial  acetic  anhydride 
arc  shaken  in  a  drj'  wcigliiiig  beaker  with  from  4  to  &  c.c.  of  freshly 
di.stiUed  aailiuc.  The  anhydride  immediately  begins  to  combine 
with  the  aniline,  liberating  considerable  heat,  .\fter  cooling,  the 
solidified  contents  of  the  weighing  Ixiaker  are  rinsed  by  means  of 
absolute  alcohol  Into  an  ordinary  beaker,  phenolphthalcin  xa 
added  and  the  total  amount  of  acetic  acid  prewnt  titrated  with 
half-nonna]  alkali. 
We  have  then 

X      +      y    =  p; 
7HX      +      y    =  g  (acetic  acid) ; 

from  which  can  be  computed 


l  —  iu 


In  this  equation 


m= 


CjHiOa     60.03 


C^HflOa     102.05 


;r=  0.5882. 


It  is  true  that  concordant  results  aro  obtained  by  this 
method,  but  they  are  much  too  liigh;  in  fact  as  much  as  14 
to  14)  per  cent,  too  higli.  This  it;  due  to  the  fact  that  although 
acetic  acid  itself  does  not  react  with  aniline  in  the  cold,  it  does 
react  very  readily  when  heated.  When,  therefore,  a  mixture 
of  acetic  anhydride  and  acetic  ai'id  an;  allowed  to  remain  in 
contact  with  aniline,  there  is  so  much  heat  liberated  from  the 
reaction  Ix-tween  the  anhydride  ami  the  analine  tliat  a  part  of 
the  arctic  acid  itself  reacts  and  taken  part  In  the  formation  of 
acetanilide: 

CH«COaH+CflHjNHa  =  Ha04-C«H5N'(CjH30)H, 

BO  that  evidently  too  little  acetic  acid  i^  found  in  the  subsequent 


iir  iBf  ^u^i'jir    ^    --^r-    :i^^fr<*=    x   xe-   s^   c:  aHKUir.  TimH||t 
sue.  XU£'.  <.*:JiA3<s:    WJiE    T»u^?n>tTirr;niM^-   t=  ■!—*■-: 

liOWar.     Zil^iil-      •JTTLilS'      ^      1.ii£"     T»rip-    «r    TtinfT    ^teU.  ^Wll.'.    W 

■win    lu-    uf-    <i    u^f'ii;-    ••mUH-     !p-  iB^   sxTTKE.  ajnridf  wtow*".  <? 

vwb-.    :,j^.i.-"     ■'■.A.iii-      <t'.:ti-    1-^ji'.^ . .   i-    TwnTTf'     xr*K»a\\   thr 
luTi**^'  i,j^.-.  i.  ■'  o^j     ^'or-j     .-jv' a""-   lii-  .iiu<?r 

i-^f^  -.  ■  -'.-b  .'-*:  -  :-.^jiii'L.~^E'/.'  jinmnmriTruMn' 
-'-j''     ,       -u.ii'  -  -'■ai^-^'.-  — ii;'".'  ■.mctrrrl  nrMiTP.. 

'jit-f  -.    *;vm;i'     -■-^r'-    e    tan"  :■  i/e-.-.rtiief  f]r«-"iTWf-  u.  p&foini- 
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To  prevent  this  hydrolysis,  the  titration  is  beat  effected  in  a 
coldj  coacentrated  sulutioii  coutaining  sodium  chloride. 

Aikalimetiic  Determination  of  Phosphorus  in  Iron  and  Stoel  * 
1000  c.c.  nonnal  NaOn=  1.348  gm.  P. 

The  phosphonis  w  precipitated  in  a  2  gm.  sample  with  ammonium 
molybdate  accordinR  to  p.  437, f  filtered,  washed  with  1  per  cent. 
nitric  acid  and  then,  with  1  per  cent,  potassium  nitrate  solution 
until  the  washings  no  longer  react  acid.  The  filter  and  precipitate 
arc  th^n  tran-tferrcd  hack  to  the  Erienmcyer  flask  in  wliich  the 
precipitation  took  place,  covered  with  an  excess  of  tentli-norraal 
NaOH  (T  c.c),  stirred  imtil  solution  is  complete,  and  then  the 
excess  of  alkali  titrated  with  tenth-normal  nitriu  acid,  (t  c.c.) 
using  phenolphthalcin  as  indicator. 

The  reactions  taking  place  are  as  follows: 

2[(Nn J,PO.  r>MoOJ +4CNaOH- 2(NH JjHPO,  +  CNHOjMoO, 

+  23i\a3MoO,+22l4o, 

from  which  it  is  clear  that  40  gma.  mols.  of  N"aOn  are  equivalent 
to  2  gm.  atoms  of  P  and  1  c.c.  of  the  tenth-normal  NaOII» 
0.0O01348  gm.  P. 

Since  the  precipitate  was  produced  from  2  gm.  steel,  and  T  c.c. 
of  NaOH  and  t  c.c.  of  HNOs  were  used,  the  percentage  of  phos- 
phorus is 

(T-t]X0.01348    e?p 

Remark. — ^To  obtain  accurate  results,  It  is  advisable  to  deter- 
mine the  percentage  of  phosphorus  in  a  steel  graviraetrically, 
then  to  standardize  the  alkali  against  this  steel,  carrying  out  the 
titration  exactly  as  described  above. 

Determination  of  Boric  Acid. 

Free  Lone  acid  has  no  uction  upon  methyl  orange,  conse- 
quently alkali  borutes  may  be  titrated  with  hydroehluric  and 
nitric  acidn,  uKin^;  this  inilicator:    with  sulphuric  add  the  results 

*  Sec  Bluir,  Analysis  of  Iroa  oud  Siee\.  Tbe  method  was  propomy]  by 
1  O.  Handy. 

t  See  Anpcodix  1  for  another  method  of  precipitating  phosphorio  acid. 
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are  not  as  Sfttisfactory,  for  there  is  in  this  case  no  sharp  color 
change.  If  phenolphthalein  is  used  as  the  indicator,  the  red 
color  fadee  gradually  and  the  end  point  cannot  be  determined 
with  certainty.  If,  on  the  other  hand,  sodium  hydroxide  is 
slowly  run  into  an  aqueous  solution  of  boric  acid  containing  phe- 
nolphthaldJi,  after  some  time  a  pale-pink  color  is  noticeable  which 
be<»mes  deeper  on  the  addition  of  more  alkali.  The  first  pink 
color  is  formed  before  all  of  the  boric  acid  has  been  neutralized, 
for  sodium  borate  is  perceptibly  hydrolyzed.  Free  boric  acid  cannot 
be  titrated  by  itself,  but  if,  as  proposed  by  Jorgenaen,*  a  sufficient 
amount  of  glycerolt  (or  mannitolj)  is  added  to  the  solution,  the 
hydrolysis  is  prevented,  so  that  when  1  mol.  of  NaOH  is  present 
for  1  mol.  of  H3BO3  the  solution  suddenly  changes  from  colorless 
to  red;  probably  a  stronger  acid  is  formed  by  the  addition  of 
the  glycerol,  the  glyceryl-boric  acid  (C3Hs020H)B(OH). 

If  the  solution  does  not  contain  sufficient  glycerol  the  color 
change  takes  place  too  soon,  as  can  be  shown  by  the  addition  of 
more  glycerol.  If  the  red  color  disappears  on  adding  the  lat- 
ter, more  alkali  is  added  until  it  reappears.  The  right  end-point 
18  reached  when  the  red  color  no  longer  disappears  on  the  addition 
of  glycerol.  Inasmuch  as  commercial  glycerol  reacts  acid,  it 
must  be  just  neutralized  with  alkali  before  being  used  for  this 
determination.  Furthermore,  in  order  to  obtain  accurate  results 
it  is  necessary  that  the  solutions  should  be  absolutely  free  from 
earbonate. 

AppLvcaiwn.     Determination  of  Boric  Acid  in  an  Alkali  Borate 
Free  from  CarhoTiate.^ 
About  30  gms.  of  the  borate  are  dissolved  in  water  free  from 
rarton  dioxide,  diluted  to  1  liter,  and  the  total  alkali  is  determined 

N 
m  an  aliquot  part  by  titration  with  ^  hydrochloric  acid,  using 

methyl  orange  as  an  indicator.    A  fresh  portion  of  the  borate  is 


•ZeitBchr.  f.  Nahrungsm.  IX,  p.  389,  and  Zeitschr.  f.  angew.  Ch.,  1897, 
F.6. 

t  ZoitMhr.  f.  angew.  Ch.,  1896,  p.  549. 

X  Jones,  Am.  J.  Sci.  [4]  7,  147  (1899). 

I M.  Hflnig  and  G.  Spits,  Zeitschr.  f.  angew.  Ch.,  1806,  p.  540. 
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taken  and  exactly  neutral j/ed  bj-  the  amount  of  hydrochlorio 

acid  found  necessary  by  the  previous  titration;  by  this  means  the 

solution  will  contain  froo  boric  acid.     After  adding  about  50  c.c.  of 

glycerol  for  each  1.5  gms.  of  the  borate,  the  solution  is  titrated 

N         . 
with  -7-r  sodium  hydroxide,  using  phcnslphthaldCn  as  indicator. 

After  the  end-point  is  reached,  10  c.c.  more  of  glycerol  are  added, 
and  this  usually  causes  the  solution  to  become  colorless.  The  end- 
point  with  sodium  hydroxide  is  again  obtained  and  the  process 
repeated  until  finally  the  addition  of  glycerol  causes  no  further 
action  upon  the  end-point. 

If  the  borate  contained  carbonate,  the  portion  taken  for  analysis 
is  neutralized  with  acid  as  before,  then  boiled  for  a  few  minutea, 
taking  the  precaution  of  connecting  the  flask  containing  the  aolu* 
tion  with  a  return-flow  condenser.*  After  the  carbon  dioxide  is 
expelled,  the  sides  of  the  condenser  are  washed  down  with  water 
and  the  titration  with  sodium  hydroxide  made  as  before-f 

For  the 

Determination  of  Boric  Acid  in  Insoluble  Silicates. 

Bee  E.  T.  \Vhcrry  and  W.  H.  Chapin,  J.  Am.  Chem.  Soc.,  30,  1687 
(1908). 

Determiaatloa  of  Carbonic  Acid. 

(a)  Determination  of  Free  Carbonic  Acid. 

To  determine  the  amount  of  free  carbonic  acid  present  in  a 

dilute  aqueous  solution,  an  excess  of  titrated  barium  hydroxide 

N 
solution  is  added,  and  the  excess  is  determined  by  means  of -r^UCI, 

using  phcaolphthalcln  as  an  indicator: 

HaCOa  +  Ba[Oir)a  -BaCOg +2FT80 
1  C.C.  ^  Ha -0.0022  gm.  COj. 

"  The  condenser  Ecrvcn  1o  keep  hack  any  boric  acid  eBca4>ing  with  tho 
steam. 

t  Instead  of  tbo  glycerol,  about  one  gram  of  nuumUol  may  bo  used  to 
advantage. 
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#1  ftillWIWrflllB  flf  Qgt—  DiBTJOt  ftCM^  • 

11m  actoion  j»  ticatod  mitb  ^  HQ  in  the  fifu.  cf  nethyi 


K>HO0,-f-  Ha-K«C3-rH^O0y 

1  t-c.^  Ha=O.OOMgni,Cp^ 

|l$  i>E<0WZ>Ktf»OM  of  Corimi  Diexidt  FrmoA  m  Girfiiw^. 

Ihe  titzstkm  k  Verted  intli  ^  HO  azMi  medni 

K*/XJ,-  2HC1 = 2XaCI  -r  HjOOy 
1  c-c  ^  HQ -0-0022  piLOCV 


\ 

Cue  pdrtaoD  k  tjmted  vrib  ^  HCl,  unng  metiiTl  onmge  >■ 

indieator,   aod    tbe    iiZLi'juut    '>f    lA'jurtxijiiaLte    ie  detomined    «8 
under  {h}. 

tlieD  wiih  jiD  vui-*99  '/  •jttr.'jjT.  Jjy'ir'jzj'i^.  uud  the  execs  of  the 
l&tter  titrated  Uw^k  ■wh.f.  H'l ,  'iKiZtg  ;>}•«»' ^jj^tttiailein  u  indicaior. 

If  the  nmuuiit  'A  '—  **•>';  •jikij'J  f'^  tJ*t  furt  titnitjon  is  deducted 
JO 

from  tiit    hiij'rjjn    '»f  '      •fv.r-.'iv.  bvjn/ii'ie  Bolution  found  to  be 

n&«s8ar>'  by  tr**;  \nt*.  •.■•?*•,•«(   tt.<'  diff»fr»3u«:  multiplied  br  0.0022 
will  ^jvt   Ui*-  ari*'*jr;^   '/f   !fM    <:a.rv^)i'.'  fc''i'i.J 


*  Alkalin«-«artb  ca^AAMrtM  irfi>;  4Uir^vw4  to  aa  nw  «f  ateDdard  aad 

and  tix   •-x'3>N»  ti'.rB>^  f/iv'i;   wi'.i.  if^ii'lMf^  ailuJi. 

'   Iij^  itadi"i-ii    '>f   'i^-iy)!.  -iu-ff.'>    tf  'rt:\y  uv»:mmry  ^mta  free  caittomc 

j  Thic  luetttMl  ouiuvt  be  UM)d  wu^i'  iui4(i>uhuiu  <»1u  sre  f  iwiit 
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(e)  Determinaiion   of   Bicarbonate  in  the   Pretence  of   Carbonate. 
Method  of  C.  Winkler. 

In  one  portion  the  total  alkalinity  is  determined  by  titration 

N  . 

with  -Tf:  HCl,  using  methyl  orange  as  indicator.     This  requires 

Tccof^HCl. 

In  a  second  portion  the  bicarbonate  is  determined  by  adding 

N 
an  excess  of  rrrr  NaOH,  then  neutral  barium  chloride  solution, 

and  afterward  titrating  the  excess-  of  the  former  with  phenol- 

N 
phthaldui  and  j^  HCI.    We  will  assume  that  for  this  purpose 

N  N 

r,  CO.  -TTT  NaOH   and  (  c.c.  -rrr  HCI  were  used,  then  evidently 

N 
(r,— ()  c.c.  T^  NaOH  were  necessary  to  convert  the  bicarbonate 

into  carbonate: 

NaHCO,  +  NaOH  -  Na,CO, + H,0. 

INaOH  corresponds,  consequently,  to  1C0„  or 

1  c.c.  ^  NaOH=0.0044  gm.  CO^ 

and  therefore  (Ti-i)- 0.0044= CO,  as  bicarbonate. 
For  tiie  decomposition  of  the  normal  carbonate 

r-(7',-o=(r+(-rjc.c.^Ha 

were  necessary,  and  from  the  equation 

Na,CO, + 2HC1 = 2Naa+ H,0 + CO, 

it  is  evident  that 

2HC1=1C0, 
and 

1  c.c.  ^  HCI = 0.0022  gm.  CO,. 
The  carbon  dioxide  as  carbonate=(r+(— y',)-0.0022  gnk 
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Remark. — It  has  been  proposed  to  determine  volumetrically 
the  free  and  bicarbonate  carbonic  acid  in  drinking  and  mineral 
waters;  with  the  former  accurate  results  can  be  obtained,  but 
with  the  latter  this  is  not  the  case.  In  the  determination  of  the 
total  alkahnity  not  only  the  bicarbonate  but  also  the  ever-present 
Mlicate  and  borate  are  likewise  determined,  so  that  this  in  many 
cases  causes  considerable  error  in  the  analysis  of  mineral  waters 
Thus  in  analyzing  a  sample  of  mineral  water  containing  in  reality 
4.63  gms.  of  carbonic  acid  as  bicarbonate  per  kilogram,  the  titr» 
tion  showed  5.42  gms.,  a  difference  of  0.61  gm.  CO,I 


Determination  of  Carbonic  Acid  in  the  Air.    Method  of 

Pettenkofer. 

Principle, — A  large,  measured  volume  of  air  is  treated  with 
an  excess  of  titrated  barium  hydroxide  solution  whereby  the  car- 
bon dioxide  is  quantitatively  absorbed,  forming  insoluble  barium 
carbonate.  Phenoiphthalein  is  added,  and  the  excess  of  barium 
hydroxide  is  determined  by  titmtion  with  hydrochloric  acid 
until  the  solution  is  colorless.  From  the  amount  of  alkali  used 
to  absorb  the  carbon  dioxide,  the  amount  of  the  latter  is  calculated, 
1  c.c.  of  normal  alkali  =  0.22  gm.  C02=13  c.c.  of  CO2  gas  at  0* 
and  760  mm.  pressure. 

Requirements. —  1.  A  calibrated  l>ottle  of  5  liters  capacity. 

2.  Standard  solutions  of  barium  hydroxide  and  hydrochloric 

acid.     The  acid  is  prepared  so  that  1  c.c.  =  0.25  c.c.  CO2  at  0°  C. 

N 
and  760  mm.  pressure;  this  Is  accoinpli.shetl  by  diluting  224.7  c.c.  — 

hydrochloric  acid   to    1    liter.     The  barium  hydroxide  solution 
should  be  of  about  the  same  strength. 

Procedure. — The  Ixittle,  with  its  capacity  etched  upon  it,  is 
placed  in  the  space  from  which  tin-  :iir  is  to  Iw  taken,  and  by  means 
of  a  bellows,  the  mouth  of  which  i.s  connected  with  a  piece  of 
rubber  tubing,  the  air  in  the  bottle  is  changed;  about  100  strokes 
are  made  with  the  licllows.  The  bottle  is  then  -stoppered  with  a 
rubber  cap,  and  at  the  same  time  the  temperature  and  barometer 
readings  are  noted. 


SH 
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By  means  of  &  pipette,  100  c.c.  of  barium  hydroxide  Bolulion 
arc  run  into  the  bottle,  the  rubber  cap  replaced  upon  it,  and 
the  solution  is  geutly  shaken  back  and  forth  in  the  flask  for 
fifteen  minutes.  The  turbid  liquid  is  then  poured  into  a  dry 
flask,  25  c.c.  are  pipetted  out,  phenolphtLtileiQ  is  added,  and 
hydrochloric  acid  slowly  run  in  with  constant  stirring  until  the 
solution  is  colorless.  This  requires  n  c.c,  so  that  for  the  100  c.c. 
of  alkaU  solution,  4Xn  cc  would  be  necessary.  The  strength 
of  the  barium  hydroxide  in  terms  of  acid  is  now  accurately 
dctcnnincd;  25  c.c  of  barium  hydroxide  require  N  c.c.  of  the 
standard  hydrochloric  acid,  or  100  c.c.  would  neutralize  4XA^  cc 
of  acid. 

Ca/«iZa/i'on. — Assume  the  contents  of  the  bottle  to  be  V  cc 
at  i*  C.  and  B  mm.  pressure.  By  the  introduction  of  100  c.c 
barium  hydroxide  solution  the  same  volume  of  air  was  replaced, 
eo  that  the  amount  of  air  taken  for  analysis  amounts  to  (V— 100) 
cc  at  t^  C.  and  B  mm.  At  0"  C.  and  760  mm.  pressure  the 
volume  is 

*^*'    730(1 +a-0* 

100  c.c.  of  barium  hydroxide  solution  require  4  JV  c.c.  HCI, 
while  100  c.c.  of  the  alkali  after  trcatcneni  with  Vq  c.c.  of  air  require 
4  n  c.c.  of  the  acid  and  this  corresponds  to  4(iV— n)-0.25  =  (^— n) 
cc.  COa  at  0°  C.  and  760  mm.  pressure. 

The  amount  of  CO3  present  in  1  Ut«r  of  air  measure  at  standard 
conditions  amounts  to 


Fo:(Ar-n)  =  1000::r 
1000 -CAT -n) 


Vo 


gms.  COj. 
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Persulphuric  Acid. 

N 

1000  c.e.  —  Potassium  Hydroxide 

KaS20»    270.34 


20 


20 


13.517  gtas.  KjSjOfe. 


If  an  cuiueous  solutiou  of  eltker  potaseiuui,  sodium,  or  buriuin 
pon^ulphnt*?  is  boilcj  for  some  titusj  the  salt  13  decompuMHi  tn 
acconlance  witb  the  equation: 

2K2S3OB +2H3O  =  2X2804  +2H2S04  +  O3 

into  neutral  sulphate  anil  free  sulphuric  acid.  The  latter  can  be 
titrated  with  tenth-uuruial  put^jisiuni  hydroxide  solution. 

Procedure. — .\bout  0.25  gm.  of  the  iK-rsulphate  is  placed  in  on 
Erlemneyer  Q&ak  of  Jena  glass,  dissolved  in  about  200  c.c.  of  wat«r, 
and  the  solution  boiled  for  twenty  miuutea.  It  is  then  cooled, 
methyl  orange  added,  and  the  solution  titrated  with  tcnth-norroal 
potassium  hydroxide.  Or,  an  oxccas  of  the  alkali  may  be  added 
and  the  amount  of  excess  titrated  with  tenth-normal  aeid. 

Tho  reauiis  correspond  with  those  obtained  by  the  ferroua 
sulphate  method  (cf.  p.  629)  provided  the  persulphate  is  not  con- 
taminated with  pota:isium  bisulphatc. 

litmark. — Ammonium  persulphate;  cannot  be  analysed  by  the 
above  method  because  when  a  solution  of  thia  salt  is  boiled,  two 
reactions  take  place.    The  principal  reaction,  to  be  sure,  is 

2(NH4)2Sa0s  +  2H2O=2(NH4)jSO4  +  2n8SO«  +  03, 

but  tbe  oxygen  is  evolved  to  some  extent  in  the  form  of  oxone  and 
the  latter  oxidizes  a.  part  of  the  nitrogen,  so  that  besidt^s  t^ulphurie 
acid,  the  solution  will  contain  more  or  loss  nitric  add. 

8CNH4)2SaOB+6HaO-7CNn4)2S04  +  9H3S04  +  2HNO,. 


( 


"n.  OXIDATION  AND  PEDUCTION  MEXnODS. 

All  processes  ronsitlercd  under  this  heAding  nre  those  in  which 
the  substincc  analyzed  is  cither  ojjdized  or  reduced  by  means 
of  the  solution  with  which  the  titration  is  made. '  As  a  sUiudard 
for  detcrmininK  equivalent  weights  the  oxidation  of  hydroRen  by 
ox>'geD  has  beea  taken;  1  gm.-atom  of  hydrogen  is  equivalent  to 
i  gtu.-atoui  of  oxygtiD.  Wlien  hydrogen  is  oxidized  it  is  changed 
from  the  neutral  condition  to  that  of  a  positive  valence  (or  polar- 
ity) of  one  and  oxygen  is  reduced  from  the  neutral  condition  to 
negative  valence  (or  polarity)  or  two.  In  this,  and  all  other 
casca,  the  equivalent  weight  of  the  element  used  in  an  oxidation- 
reduction  reaction  is  the  atomic  weight  divided  by  the  change  in 
polarity.  When  an  atom  in  any  complex  molecule  is  subjected 
to  a  change  in  polarity  (oxidized  or  reduced)  the  equivalent 
weight  of  the  molecule  is  the  gram-molecular  weight  divided 
by  the  change  in  polarity  of  the  oxidized  or  reduced  element. 
If  more  than  1  atom  of  the  reactive  element  is  present  in  the 
molecule,  the  molecular  weight  is  divided  by  the  total  chunge  in 
polarity,  i.o.,  by  the  change  in  polarity  multiplied  by  the  number 
of  atoms  undergoing  such  change  (of.  p.  531). 

Oxidation  methods. 

A-  The  Permanganate  Methods. 

When  potasstum  permanganate  acts  as  &n  oxidizing  agent  in 
distinctly  acid  solution,  the  manganese  is  reducfnt  from  a  valence 
of  +7  to  +2,  corresponding  to  a  loss  of  five  charges  in  polarity. 
A  normal  solution  of  pemmnganate,  therefore,  contains  one-fifth 
mole  of  KMn04  =  31.61  gnis. 

N  N 

For  most  oxidation  analyses  t^  and  rarely  ^   solutions  are 


I 


used. 


n 


The  Preparation  of  —  Potassium  Permanganate  Solution 
was  described  on  p.  00. 


Standardization  of  Permanganate  Solution. 

1,  Agaijisl  Sodium  Oxaiaie  (Sfircntwn).* 

1000  c.c.  of  normal  pennanganatc  aolutioQ»G7.00  gms.  NajCgOi. 

Sodium  oxiilato  can  bo  purchasod  in  a  very  pure  coiulitinti. 
The  traces  oE  moistunj  prc-si-ut  may  be  expullcU  by  hratuig  the 
oxalate  for  two  hours  at  130^  and  cooling  in  a  desiccator;  but  for 
ordinarj'  work  this  is  usually  unnci-essary. 

A  weighed  amount  of  sodium  oxalate  is  dissolved  in  200  c.r. 
of  distilled  water  at  70^,  about  20  c.c.  of  double-normal  sulphuric 
acitl  are  added,  and  the  hot  solution  titratui  with  pormanganntc. 
At  the  start  the  tilratiuti  should  procoed  vorj'  slowly,  waiting 
after  the  addition  of  each  drop  until  the  color  has  disappeared 
before  adding  mora  permanganate 

2I\Mn04  +  5N*a3C3O4+8n2SO4- 

-  KgSO* + 2MnS0t, + SKaaSO^  +  IOC02  +  8H3O. 

The  purity  of  the  sodium  oxalate  may  be  tested  by  heating 
B  weighed  sample  in  a  covered  platinum  crucible  for  thirty 
minutes  over  a  small  flame,  so  that  the  bottom  of  the  crucible 
is  barely  red.  It  is  best  to  use  an  alcohol  lamp  or  eL'«j  insert 
the  crucible  in  a  disk  of  nsbcsios  as  in  a  sulphur  determina- 
tion. Otherwise  the  Hulphur  in  the  illuminating  gaa  may  cnuac 
the  formation  of  some  sodium  sulphate  in  the  crucible.  By 
the  henting  the  oxalate  is  converted  quantitatively  into  car- 
bonate, but  there  h  a  separation  of  some  carbon  which  should 
be  removed  for  the  most  accurate  work.  This  may  bo  accom- 
plished by  henting  the  contents  of  the  crueiblc  to  a  much  higher 
temperature  with  free  access  of  air,  or  more  readily  by  adding  a 
few  cubic  centimeters  of  water,  evaporating  the  solution  to  drj-- 
ness  on  tho  water  bath,  and  then  very  carefully  heating  the 
eruciblc  over  a  free  flame.  In  about  ten  minutes  the  carbon 
will  nil  disappear  without  the  carbonate  being  melted.  The 
crucible  is  then  allowed  to  cool,  its  contonta  dissolved  in  hot 

*  Z.  anal.  Cbem.,  iS.  3&2,  512  (1003);  46,  272  (1906). 
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water,  the  crucible  and  cover  thoroughly  washed,  and  Ihe  cold 
aolution  titrated  with  tenth-iionnal  hydrochloric  acid,  using 
methyl  orange  sa  indicator. 

1000  c,c,  trnth-normal  hydrochloric  aeid  =  6.700  gms.  Nn2Ca04. 

Ji:mark. — Sodium  oxalate  crj'staliizes  without  water  of  cr>-»- 
tallization.  is  not  hygroscopic,  and  is  especially  suited  for  the 
Btandardization  of  pL'nnnnganate  solutions.  Biircnscn,  in  fact, 
has  strongly  recommended  this  substance  as  a  standard  for 
acidimetrj',  although  it  has  no  advantage  over  the  standardization 
by  moans  of  sodium  carbonate.  The  titration  of  the  carbonate 
may  be  carried  out  with  methyl  orange  oa  an  indicator,  but 
Sfirenacn  recommends  phcnolphthalcin  as  somewhat  mora  reliable. 

2.  Against  Oxalic  Add. 

Tenth-normal  oxaHc  acid  sohition  is  excellent  for  the  standard- 
ization (if  a  permanganate  sohition.  Uy  means  of  a  pipette  25  c.c. 
are  measured  into  a  beaker,  10  c.c.  of  rlilnte  fiulphuric  acid  (1:4) 
are  added,  the  solution  )s  dihited  with  water  at  about  70°  C.  to 
&  volume  of  21)0  c.c,  and  the  permanganate  is  run  into  it,  with 
constant  stirring,  from  a  glass-stoppcretl  burette.  At  firet  the  solu- 
tion is  colored  rod  for  several  seconds,  then  it  becomes  colorless 
but  after  the  reaction  is  once  started  the  |)ermanganat€  is  rapidly 
decolorized  until  an  exeess  is  present.  The  permanent  pink  color 
IB  imp:  rted  to  the  solution  by  the  permanganate  as  soon  as  all 
the  oxalic  acid  is  oxidized;  this  is  t-aken  as  the  end-point. 

The  oxidation  is  expressed  by  the  following  equation: 

2KMnO,-l-5H,C,O.+3H^0.-Iv,SO,+2MnSO,+  8H,O+100Or 
Two  positive  charges  are  required  to  oxidize  the  CaOf  ion 
to  CX)sgati. 

C207+2©  =  2C02. 

It  is  evident,  therefore,  that  the  equivalent  weight  of  oxalic 
acid  18  ^  mole  =03.03  gms.  whether  the  reaction  is  one  of  the 
hydrogen  ions  in  c^alic  acid  or  whether  it  is  the  oxidation  of  the 
oxalate  union.  I'sing  a  normal  itolution  iis  the  unit  of  concentru- 
tion,  the  strength  of  oxalic  acid  is  the  same  in  both  instances. 

If  for  the  oxidation  of  25  c.c.  of  tenth-normal  oxalic  acid 
solution,  24.  3c.c.  of  pemianganate  were  required,  then  1  c.c.  of 
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25X0  1 
pprmanganftte  =  -^tV"  =0.1029  cc.  of  a  normal  Siolution.    The 

pertiianganate   solutioo   is  0.102f)-normnl.     It    is   not   necessary 
tLat  the  oxalic  acid  eulutioo  shuulti  he  exactly  tenth -normal. 

[nstead  of  using  an  oxalic  acitl  solution,  some  pure  oxalic 
acid  crystals,  H3C20<  ■  2HaO,  may  be  taken.  j^For  a  tenth- 
normal solution  alx>ut  0.2  e,m.  of  the  oxalic  acid  should  be  weighed 
out  to  the  ncHR'St  tenth  of  a  milligram.  Then  if  »  cc.  of  perman- 
ganate are  used  for  titrating  p-gm.  of  oxalic  acid,  and  0.063  the 
milli  equivalent  of  oxalic  acid  (1  cc.  of  a  nonual  solution  reacts 
with  milli-equivalent  in  grams  of  the  reagent)  the  permanganate  is 

;T>C663  "**""^'* 

Besides  using  oxahc  acid  itwif,  various  oxalates  Buch  as 
KHC3O4.  KHC204H2C204  2H0,  MnCaO*,  etc.,  have  been 
recommended.  The  method  of  proceilure  is  practically  the  same 
io  each  case.  It  is  intercstin^c  to  note  that  the  equivalent  weights 
of  H3Ci04-2IIaO,  KHC2(>,  an^  KHC204llaCaO4-2H30  are 
C3.03,  04.11,  and  (13.57  respectively  when  used  as  reducing  agents 
and  63.03,  128.2  and  S4.7f>  when  Uiicd  as  acids. 

It  was  once  the  ^jencral  practice  to  express  the  concentration  of 
permangan.'ite  in  terms  of  "  available  oxygen  "  or  in  terms  of 
metallic  iron;  the  hitter,  it  was  assumed,  was  first  dissolved  in 
acid  and  oxidized  from  the  ferrous  to  the  ferric  condition  by  the 
pcrmangan:itc.  If  the  normal  concentration  of  the  pennanganate 
is  niultiplictl  by  0.008  the  "available  oxygen  "  per  cubic  ccnti- 
meter  will  be  obtained  and  if  the  normal  coacenlrution  (sometimes 
callwl  normality)  is  multiplied  by  0.0559,  the  "iron  value"  of 
1  cc.  permanganate  will  be  obtained. 

Remark. — Agiunst  the  use  of  oxalic  acid  solution  for  the  stand- 
ardization of  a  pcrmaiignnutc  solution  is  the  fact  that  the  con- 
centration of  the  aquwtis  solution  is  not  penoancnt;  for  this 
reason,  E.  Rleglcr*  proposed  the  addition  of  50  c-c.  of  concen- 
trated sulphuric  acid  to  each  liter  of  the  oxalic  acid,  by  which 
means  the  solution  can  be  kept  unchanged  for  a  much  longer 
length  of  time.    That  this  is  the  case  is  shown  by  the  following 

'  Z.  anal.  Cbem.,  Iii06,  p.  522. 
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experiments:  A  solutioo  of  oxalic  acid  in  water  was  prepared,  and 

also  one  in  dilute  sulphuric  acid.  Both  solutions  were  titrated 
on  the  same  day  with  permangnnate  sohiiirn  which  had  beeo 
standardized  against  olcctrolytif  iron.  At  thccn<l  of  eight  mouths 
the  same  solutions  were  titrated  against  a  freshly  standardized 
pcrmanRanate  sohition,  with  the  following  results: 


Freehly-prcparod . 
After  8  months,. . 


Aquooua  OxKlie  Axil, 


1000  C.C.  -  10O0.a  cc  ^  ml 
lOOOf.c-  994.9  cc.    "    " 


UxoKt  Add  rnntniniog 
Sulphuric  Aoid. 


1000  I'.c.  -- 1002.5  C.C  ^  wL 
liHIOc.c-IOOl.S   "    "     " 


P 


At  iho  ontl  of  fight  months,  therefore,  the  aqueous  solution 
had  deprt'ciutcfl  0.56  per  rent,  in  strength,  while  the  solution  con- 
taining the  sulphuric  acid  had  only  weakened  to  an  extent  of 
0.12  (ler  cent,  nf  its  original  conccntra.iii>n. 

Fn.m  this  it  is  evident  that  a  sohitiiin  of  oxalic  acid  contain- 
ing sulphuric  acid  can  be  usedifnr  the  stanciardizatinn  of  a  per- 
mftuganate  solution,  prnvidal  the  former  has  not  stood  more  thim 
eight  months  sinco  it  wa.s  pi-oparoj.  The  use  of  old  aquoous 
solutions  of  oxalic  acid  is  to  be  discouraged. 

3.  Against  Metallic  Iron. 

It  has  been  a  favorite  practice  to  standardize  permanjcanato 
solutions  against  iron  wire.  The  wire,  however,  is  never  nbiso- 
lutely  pure,  and  there  is  a  chance  of  the  impurities  reducing 
permanganate  ao  that  the  actual  iron  content  of  the  wire  does 
not  suffice  to  show  exactly  how  much  oxidizing  agent  it  will  need. 
Classen,*  therefore,  has  recommended  that  pure  ii-on  be  prepared 
by  the  electrolyis  of  ferrous  ammonium  oxalate.  This  iron  is 
dissolved  in  dilute  sulphuric  acid  out  of  contact  with  the  air  and 
the  solution  titrated  with  permanganate  (cf.  p.  93). 

The  standardization  of  a  potassium  permanganate  solution  can 
be  correctly  accomplished  by  means  of  iron  wire,  provided  the 
apparent  iron  eonletU  of  the  wire  has  been  determined  by  a  com- 
parison of  the  values  obtained  in  a  titration  with  a  standardization 
by  either  electrolytic  iron  or  sodium  oxalate.  Ever>'  time  a  new 
supply  of  iron  wire  is  purchased,  the  comparison  should  be  m&do. 

*  ClaadCD-UoU,  Quautitalive  AoalysiB  by  Elcctiob'sis- 
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Dfierminaiion  of  the  Apparent  Iron  Vidue  of  Iron  Wire. — Tho 
wire  is  cleaned  as  described  on  p.  08,  and  a  weighed  portion  of 
about  0.2  gm.  is  introduced  into  a  flask  of  not  moro  than  250  r.c. 
capacity  as  tshown  in  Fig.  S9.  The  air  is  displaced  by  tho  intro- 
duction of  a  stream  of  carbon  dioxide,  which  has  passed  through 
a  Ixtttle  containing  water  and  another  containing  copper  sulphate 
solution  (cf.  p.  93,  foot-note) ;  the  wire  is  then  dissolved  in  55  c.c. 


Fio.  89. 


Fill.  00. 


of  dilute  sulphuric  acid  (1  part  concentrated  arid  to  10  of  water). 
During  the  solution  of  the  wire,  the  flask  is  supported  somewhat 
as  shown  in  tho  drawing,  and  is  closed  by  a  rubber  stopper  which 
carries  a  bulb  tube  connected  with  a  Bunscn  valve.*    The  con- 

*A  Buiuen  valve  consisM  of  a  short  piece  of  nibbtr  tubing  wiib  a  out 
olonx  a  f«w  cwulitnKinn  uf  one  aiiln,  and  the  outer  end  of  the  lulling  is  clcmed 
by  ■  glau  rod.  Tliis  valvv  [ircvmU  tlio  entraiicti  of  ur  frurn  without.  A 
(liiAk  iuTKor  than  2dO  c.«.  oapocit)*  is  likely  to  be  so  thin  q«  to  hrvtik  tliirinit 
tliv  cooling  of  the  iron  aolution.  In  Fin- 80a,  instead  of  luiag  a  glass  rot)  ut 
the  end  of  the  valve,  n  glum  tube  ta  used  wluch  ia  M&led  ut  one  end,  and  has 
A  hole  on  onv  ^dv.  Thi«  tuT>e  trn-ea  to  prevent  the  ooUapso  of  tho  rubber 
tubing  at  the  place  wlnvre  the  alit  in  formed. 
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tents  of  the  flnsk  am  hcatitd  by  [iic^anH  of  a  low  fliamc  until  the  wire 
has  all  dissolved,  aitcr  which  the  sohitton  is  boiled  gently  for  a 
short  timo.  It  is  then  iiHowed  to  cool,  the  stopper  is  removed,  aud 
the  pcrinangunatc  addi-il  until  a.  color  \&  obtained  which  Is  per* 
monent  for  thirty  seconds. 

Instead  of  using  a  Bunscn  valve,  the  Cont-at-GOckcl  valve  may 
be  used  us  shown  in  Kig.  iKJ.  The  f  uiim-l  contains  a  cold,  saturated 
eolution  of  sodium  bicarbonate,  through  which  the  hydrogen  from 
the  flask  paasps.  When  the  flame  is  removed  sodium  bicarbonate 
solution  is  drawn  intc  the  fla^ik,  and  this  causes  the  evolution  of 
carbon  dioxide,  which  prevents  the  entrance  of  more  of  the  solution. 
S.  Christie,  by  following  the  above  procedure,  found  the 
apparent  iron  content  of  a  wire  to  be  SJiJ-OSri  per  cunt.,  aad  Dr. 
Schudcl  found  100.21  for  another  wire. 

It  must  be  mcntionctl,  however,  that  the  apparent  iron  value 
varioa  considerably  with  the  way  in  which  the  solutiun  of  the  wire 
VA  eftected.  If  the  volume  of  the  liquid  is  large  fcf.  p.  96),  there 
is  more  chance  of  hydrocarbons  remaining  in  solution,  and  the 
Bftmc  is  true  if  the  solution  is  not  boiled  as  in  the  above  direction, 
but  merely  heated  upon  the  water  bath. 

Iir.mark»  Ctmccrnifig  the  Slandardiztilion  by  Meanx  of  Kleclro- 
lytic  Iron. — The  objection  has  been  raided  ihat  electrolytic  iron  la 
contaminated  with  hydrocarbons.  According  to  Avery  and  Benton 
Dales,*  the  iron  obtained  by  the  electrolysis  of  ferrous  ammo- 
nium oxalate  contains  from  0.2  to  O/l  per  cent,  carbon  on  au 
average;  according  to  Skrabal  t  considerably  more.  Vcrwcr  and 
Groll,t  however,  assert  that  electrolytic  iron  contains  no  carbon 
provided  the  bath  still  contains  nn  excess  of  iron  at  the  end  of  the 
electrolysis.  Christie  has  carried  out  extensive  experiments  in 
the  author's  laboratory  and  found  that  the  electrolytic  iron  pre- 
pared by  the  Classen  method  tlocs  often  contain  carbon,  but  the 
amount  is  so  small  that  it  may  bo  disregarded.  Diristie,  further- 
more, standardized  a  solution  of  ])i'nimn;;:inHte  by  four  iliflerent 
methods  and  obtained  the  fnllowin^  valutas: 


•Ber..32.64  (J8!>0). 

t  Z.  ftiml.  Chetn.,  42.  31*5  (I!>u3). 

t  Ber  ,  82.  SUO  C1S99).    See  abu  H.  Verwer:  rhem.  Zt^.,  2S,  792  (1901). 
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Againrt. 

Vmlue  I  e.e.  \a  Ttmt  o(  Oxynn. 

0.0007972     0  0007  MO 

0.0007977     p-OO07«H2 

0.OOO707S     0  00OT9B7 

0.0007970     0  O007O7S 

4.  Against  Soiiium  ThiosulphaU. 
Sec  lodiniotry. 

5.  Against  Hydrogen  Peroxide. 
See  Gasometrio  Methods. 

Permanence  cf  Potassium  Permanganate  Solutions. 

As  nirtitioned  on  p.  'JO,  a  pennnnganatc  solution  will  k^cp 
indefinitfly,  pnivided  it  is  kept  free  from  dust  and  rrducing  vapora. 
In  order  lo  test  tiie  pcrmarK'ncc  of  such  a  BoUition,*  it  waa  Bland- 
ardijtcd  against  electrolytic  irun  and  after  eight  montlis  it  was 
again  tested. f  It  had  lost  only  0.17  per  cent,  of  Jta  original  value 
and  could  be  used  for  all  c.niinar\'  analyses.  For  vcr>*  accurate 
work,  however,  it  is  advisable  to  standardize  the  solutioa  fre- 
quently. 

Uses  op  Permangabate  Soldtioh. 
I.  Determination  of  Iron  (Hargueritte  1S46), 

r  0.00.i,"is.5  gin.  Fe 
1  C.c.  yT7  KMnO«  corresponds  to  J  0.007 1S'>  gm.  FeO 
^"  10.0:>79S.5  gni.  FC3O3 

In  thia  (let^rmination  the  iwrn  is  oxidized  from  the  ferroua 
to  the  ferric  condition; 

2KMnO,+  lt)FoSO,+  SH^,-K,SO,+2MnSO.+5Fe,(SO.),+ 811,0 

'  The  solution  of  the  ferrous  salt  ia  strongly  acidified  with  8^^ 
phuric  a<-id  (alxiut  5  c.c.  of  concenlratcd  stdphuric  aciil  should 
be  present  for  each  100  o.c.  of  the  wduiion),  diluted  with  )K>j]cd 
water  to  a  volume  of  400  to  500  c.c,  and  titrated  in  the  cold  by 

•  Thft  Bolution  wna  klmdy  thrwt  montha  old. 

tin  Junr,  IJsW.  1  c.fi    of   ihr^   KMnO,  Bnlutinn-0.r)0S4fiS3  gm.  Fe;  io 
diircli.   1900.  I  c.c    of  tlie  KMnO,  M>lutlon-0.OUM7GI  gm.  Fe.     tJM 
Hone,  RoiJtiiM  and  Walker,  Am.  Cbcoi.  Jour.,  18^  401. 
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the  addition  of  potasaiiim  permanganate  from  a  glaas-stoppered 
burctto  until  a  per'nancnt  pink  eolijr  la  obtaiiiwl.  If  tiii>  perman- 
ganate solution  t.s  U'ntli-nijrmal,  thti  number  of  cubii;  centimeters 
used  multiplied  by  0.0055So,  O.OOTlSo,  or  0.1)1)798.')  wilt  ^ve 
respectively  the  araounis  cif  iron,  f^■ll■lHl^  \>r  ferric  oxide. 

This  determination  affords  very  accurate  rusult-s  and  la  un- 
quetitioDably  one  of  the  best  methods  for  determining  iron. 

Remark. — The  titration  of  iron  in  hydrochloric  acid  solution 
gives  high  results  unless  particular  precautions  are  taken.  If 
dilute  permanganate  solution  is  allowed  to  run  into  a  eold  dilute 
solution  of  ferrous  chloritle  containing  hydrochloric  acid,  the 
former  is  decolorized  and  the  iron  is  oxidized,  but  there  is  a 
noticeable  evolution  of  chlorine.*  More  pennanganato  is  used  up 
iban  is  necessary  to  oxidize  the  ferrous  salt  to  the  ferric  coadi- 
tioQ. 

If,  however,  permaaganatc  is  run  into  cold,  dilute  hydrochloric 
acid,  in  the  absence  of  ferrous  salt,  there  is  no  evolution  of  chlor- 
ine. Furthermore,  the  presence  of  a  ferric  salt  does  not  cause 
evolution  of  chlorine.  The  chlorine,  therefore,  is  not  a  result  of 
the  direct  action  of  tlie  pernmii^anatc  upon  the  hydrochloric  acid, 
but  iR  probably  due  1o  tlie  o\idatioii  of  the  ferrous  ion  to  an 
unstable  state  of  oxidation  corresponding  to  a  perchloride,  a 
petxixide ,  ferric  acid  or  perferric  acid. 

^Mien  pcmmuganate  is  run  into  a  dilute  hydrochloric  acid 
solution  containing  ferrous  ddoride  ami  considerable  inanganous 
Bait,  the  ferrous  iron  is  qtmulitalivoly  oxidized  to  ferric  iron 
and  there  is  10  ^'oluiion  of  chlorine.  This  was  shown  by  Kessler  f 
in  1S33  and  by  Zimtueruianu  X  in  1881.  It  has  since  been  eon- 
firmed  by  many  other  chenii.s'ts.§ 

This  can  be  exjilained  as  follows:  Pejmaiigaiiale  ions  react 
with  niauganous  ions  to  fonn,  as  Volhard  [I  proved,  ciuadrivalent 
mangiinesc.  In  this  cttate  of  oxidation,  manganese  is  unstable 
in  acid  solution,  but  it  is  reducetl  more  rcjwiily  by  ferrous  ions 
than  by  chlorine  ions. 

*  Lfiwcothal  and  I^nsacn,  Z,  nnnl-  Cbcm.,  IStt,  329. 
t  Pogg.  Ann,,  118.  77»,  iinfl  tin,  225. 
t  R«..  H,  770,  and  Ann.  Chcm.  rharm..  811.  302. 

G  Fgr  examplw,  J.  A.  Friend,  J.  C'lieni.  8fic.,  9&,  1228  (1909).     C.  C.  Jooei 
and  J.  U.  JceFery,  Tbo  Aoalj-st,  U.  3W  (1009). 
II  Ana.  Cbcm.  Pbarm.,  I9S,  337. 
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Zimmerman  •  suspected,  and  Manchot's  experiments  t  con- 
firm this  view,  that  iron  like  mangaueae  has  a  teadeucy  to  fonn 
unstable  compounds  as  primaiy  oxidation  products.  If  such  a 
compouud  is  formed  ia  the  presence  of  manganese  ions,  the  iron 
will  give  up  its  excess  charge  to  the  manganese  rather  than  to 
chlorine  ions,  provided  a  sufiicicnt  quantity  of  manganous  ions  are 
present. 

According  to  Manchot  there  ts  a  tendency  in  all  oxidations 
to  form  an  unstable  compound  as  the  primary  oxidation  product. 
When  hydrogen  burns  in  air,  a  little  hydrogen  peroxide  is  formed; 
when  sodium  bums,  sodium  peroxide  results.  In  most  cases, 
these  primary  products  arc  unstable  and  cannot  be  isolated  because 
of  the  readiness  with  which  they  arc  reduced  to  a  more  stable 
condition.  When  an  acceptorX  is  present  it  will  take  up  the 
excess  charge  which  is  lost  when  the  primniy  product  is  reduced; 
in  aqueous  solutions  in  the  atjsence  of  any  other  acceptor,  free 
oxygen  is  evolved. 

According  to  the  method  of  oxidation,  iron  tends  to  form  dif- 
ferent primary  states  of  oxidation.  In  the  direct  oxidation  of 
iron  by  ox5'gen,  the  primary  oxide  appears  to  be  FeOj;  in  the 
oxidation  by  means  of  permanganate,  chromic  acid  or  hydrogen 
peroxide,  the  primary  oxidation  product  to  contain  iron  with  a 
valence  of  5,  whereas  iron  with  a  valence  of  C  is  probably  formed 
if  hypochlorous  acid  is  the  oxidizer. 

The  oxidation  of  ferrous  oxide  to  ferric  oxide,  therefore,  does 
not  take  place  so  simply  as  u.«5uany  imagined;  a  part,  at  least, 
of  the  former  oxide  b  converted  into  FeOj  and  this  turns  round 
and  reacts  with  sonic  of  the  unchanged  ferrous  oxide,  which  plays 
the  part  of  an  acceptor; 

2Fe0+O2  =  2Fc0a, 
2reO+2Fo02  =  2Fe203. 


*  Dcr.,  11.  779,  and  Ana.  Cbem.  Pharm.,  SI3,  302. 

t  Ann.  ChriD.  Pharm.,  SS5.  10.5  C1W2). 

X  An  aeffpuir  in  n  mhaiancc  whirh  ia  not  (Kcidixod  by  oxygen  alone,  but  obo 
be  thus  oxiiliicd  by  ibe  aid  of  tomtf  othft  substAoe*  praACot  called  an  aiOa- 
erj/datar.  A  subetancu  wliicli  tendD  to  bo  ppmnidixed  may  piny  tbe  port  of 
■a  aceoptor.    CI.  Englcr,  Uer.,  8S,  10U7  (1900). 
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Potassium  permanganate  causes  the  formation  of  quinqu^- 
valeDt  iron.  If  sufficient  manganese  ions  are  present,  these  play 
the  part  of  acceptor,  but  otherwise,  in  hyclrochCoric  acid  solution, 
some  chloriue  m  formed: 

3MDOv+6Fe+++24H+  -♦3Mn+  +  +5Fe+++12HaO 

Fe+  ++Mn+  +  -»Mn+  +  +Fe+*+; 

Mn*  ++2Fe+  +  -»Mn+++2Fe+++; 

Fe+++2C1-  -»Ci3+Fe+++. " 

The  action  of  the  manganous  eulphate  is  partly  to  repilate  the 
reaction  between  ferrous  and  perraangaiiate  ions,  for,  accortling 
to  Volhard,  the  manganese  tends  to  react  with  pcniianganate 
ions,  thus  slowing  down  the  reaction  between  permanganate  and 
ferrous  iona.  The  quadrivalent  manganese  formed  by  the  actloD 
of  permanganate  on  manganous  ions,  at  once  reacts  with  ferrous 
ions;  the  manganous  ions  also  act  as  acceptor  toward  any  iron 
oxidized  above  the  trivalent  state.  In  both  cases  it  is  essential 
that  manganese  peroxide  does  not  react  with  hydrochloric  acid 
very  rapidly,  and  it  is  necessarj-,  too,  that  the  amount  of  man- 
ganous salt  shall  greatly  exceed  the  amount  of  iron  present. 

Zimmermann  suggested  a  similar  explanation,  but  it  seemed 
to  meet  with  but  little  approval,  so  that  the  hypothesis  of  Wagner  * 
was  quite  generally  adopted.  The  latter  claimed  that  the  excess 
of  permanganate  required  for  the  titration  of  ferrous  chloride  io 
the  absence  of  manganous  sulphate  was  due  to  the  intermediate 
formation  and  rapid  oxidation  of  a  ferrous-hydrochloric  acid, 
FeCl2-2Ha. 
I_  Manchot'B  explanadonr  however,  seems  to  be  the  better  one. 

Although  it  is  possible,  theo,  to  titrate  iron  in  hydrochloric 
acid  solutions  in  the  presence  vf  manganous  sulphate,  the  method 
possesses  the  disadvantage  that  the  cud-point  cannot  be  seen  so 
distinctly  as  when  no  chloride  is  present,  since  ferric  chloride 
forms  a  much  more  yellow  solution  than  does  ferric  sulphate. 

•  Zeitachr.  f.  physikal.  Cbem.,  88,  33. 
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This  Hiffinilty  can  he  overcome  hv  the  ndditinn  of  phosphoric 
ncid.  aa  suggested  by  C.  Koinhflnlt.* 


TITRATION   OP    FEIUK^ua  SALTS    IN    HYDROftlLOllIC  ACID    80LUTIOK. 
Mbl'lIUU   OF  ZlMMKUMANN-ltKINdAliDT. 

From  20  to  25  c.c.  of  the  manfcanose  sulphate  solution  f  pre- 
pared as  described  below  are  added  to  the  solution,  and  after 
dilutinc  with  boilotl  water  to  a  volume  of  500  c.c.  it  ia  titrated 
with  potassium  pcmiannanate  which  is  added  «o  slowly  that  the 
drops  ran  be  counted.  Care  is  taken  toward  the  last  not  to  add 
a  drop  of  permanganate  until  the  color  of  the  preceding  o..i  has 
disappeared. 

The  manganoua  sulphate  solution  is  prepared  as  follows:  67  gxns. 
of  cr^'stiilllxcd  manRanous  sulphate  (MnSO^-HHsO)  are  dissolved 
in  500  to  600  c,c,  of  water,  13S  c.c.  of  phosphoric  acid  (of  specific 
gravity  1.7)  and  130  c.e.  of  concentrated  sulphuric  acid  (ap.  gr. 
1.82)  are  ailded,  and  the  mixture  is  diluted  to  1  liter. 

If  the  iron  is  present  as  ferric  Bait,  it  must  be  reduced  com- 
pletely to  the  ferrous  condition  before  it  can  be  titrated  with 
potn-snium  permanganate. 

THE  IIKDUCTtON  OP"  FKHRIC  SALTS  TO  PKKHOUH  SAliTO 

can  bo  accomplished  in  a  number  of  different  ways. 

1.  liy  Uydrxt^eti  Sulphide. 

Thitf  tmluction  has  already  been  described  on  page  90. 

2.  By  Sulphur  Dioxide. 

The  solution  cnntaiiiing  the  ferric  salt  is  neutralized  with 
sodium  carbonote.J  nn  cxcew  of  sulphurous  acid  is  added, 
the  solution  boiled,  and  a  current  of  carbon  dioxide  in  pasacd 

*StAhI  iind  EiBcn,  l»M.  p.  700,  and  Chfiii.  ZtR.,  IS,  323 

t  It  ui  well  to  Ailtl  one  evibic  ocntim{>t<>r  of  mAnganrw;  mlplutc  for  f*Acli 

cubic  centimeter  o[  IICl  (sp.  gr.  1.12)  pn.'sritt.     Cf.  J.  .\.  Fri«nd  or  Joii^ 

aiiU  Jwrtwry,  loe  cxt. 

t  Ferric  MUt»  ani  not  complptply  rrKlucrd  by  sulphurous  acid  in  the  prcM- 

eaee  of  cwsidenble  b>'<lroch]oric  or  sulphuric  acid. 
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through  it  until  the  excess  of  the  reagent  Is  completely  removed.* 
The  reduced  soUitioii  is  then  cooled  in  an  atmoHphere  of  carbon 
dioxide  and  titrated. 

3.  By  MetaU 

The  acid  Rolution  of  the  ferric  8a]t,  contained  in  a  Bmall  flaafc 
fitted  with  a  Iiun.scn  vaK'C,  is  reduced  by  heating  on  the  watpr- 
bath  with  the  addition  of  small  pieces  of  (-hemioally-pure  zinc  until 
the  solution  la  completely  colorless  and  a  drop  of  it,  rpmoved  by 
means  of  a  piece  of  capillary  tubing,  vnW  no  longer  fpve  any  color 
mth  potassium  sulphocyanate  solution.  After  cooling,  the  solu- 
tion is  poured  through  a  funnel  containing  a  platinum  cone  (no 
paper),  and  the  undissolved  zinc  remaining  in  the  funnel  is  washed 
several  times  with  boiled  water. t 

Remark. — Since  zinc  often  eonljuns  iron,  a  blank  experiment 
must  be  made  by  dissolving  3  to  5  gms.  in  the  same  way  and  titra- 
ting the  solution  with  permanganate.  If  iron  i.s  present,  as  shown 
by  the  fact  that,  a  measurable  amount  of  potassiiun  permanga- 
nate  is  decolorized,  the  reiluction  of  the  ferric  salt  must  be  effected 
by  iiieariy  of  a  weighed  amount  of  2inc  and  a  correction  matle  for 
the  iron.  It  is  self-evident  that  in  this  case  the  titration  must 
not  take  place  until  all  of  the  tine  has  dissolved.  Instead  of  zinc, 
cadmium  and  aluminium  are  frequently  used. 

Remark. — Again^st  tliiis  method  ob)etlioiis  can  be  raised.  In 
the  first  place,  the  fact  that  a  foreign  metal  is  introduced  into 
the  solution  is  in  many  cases  unfortunate.  Furthermonp,  by 
means  of  sine,  titanic  acid  is  reduced  to  TijO,,  only  to  be  oxidised 
again  by  the  permanganate  solution,  so  tiiat  more  pennanganat« 
solution  will  then  be  required  than  corresponds  to  the  amount  of 
iron  present.  By  means  of  H^S  or  SO,,  titanic  acid  is  not  reduced 
and  there  is  no  foreign  metal  introduced  into  the  solution.    Con- 


*  It  is  not  wJvtiinljIn  to  depend  upon  tlie  seoae  of  smell.     The  escaping 
gu  k  teetcd  by  passing  it  through  dilut«  •ulphuric  actd  contAining  a  fow 

drape  of  t-t  KllnO,  solution.     If  the  Utter  is  not  dccoIoriEwd  at  th«  end  of 

two  or  thnw  miniitM,  th»  excnae  of  sulphurouii  arid  hsM  been  removwi. 

t  The  redutiton  b)-  mean.<i  or  linr  may  be  eatiafactorily  accomplished  with 
a  "  Joiiw.  Kductor."      Cf.  Fig.  91,  p.  637. 
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sequcntly,  for  accurate  mineral  analyses,  it  is  necessary  to  use 
one  of  these  methods,  and  in  fad  the  reduction  by  means  di 
hydrogen  sulphide  is  to  be  preferred.  By  means  of  the  latter  the 
ferric  salt  ia  completely  reduced,  independent  of  how  little  or  how 
much  free  acid  is  present  iu  the  aolution;  again,  any  metals  of 
the  hydrogen  sulphide  group  are  precipitated  at  the  same  time; 
■wliile  finally  it  is  easy  to  recognize  the  fact  that  the  excess 
of  the  gas  has  been  removed  by  tlie  use  of  the  uenaiUve  lead. 
acetate  paper  teet. 

4.  By  Stannous  Chloride. 

This  method  proposed  by  Zimmormann  and  Reinhardt*  is 
especially  suited  for  metallurgical  purpoeee,  because  it  can  bft 
accomplished  most  rapidly. 

Principle. — ^The  method  depends  upon  the  fact  that  ferrio 
chloride  in  hot  solution  Is  eaiuly  reduced  by  staimous  cidoride: 

SnCl2+2FeCla  =  BnCU+2FeCl2. 

The  complete  decobrization  of  the  solution  shows  the  end- 
point  of  reduction.  The  excess  of  stannous  chloriilo  is  afterwards 
oxidized  by  means  of  mercuric  chloride: 

SnCl2 + 2HgCla  -  Sna4  +  HgaClj. 

After  this  treatment,  which  consumes  but  a  few  minutes,  aomft 
manRanese  sulphate  solutinn  is  added  and  the  solution  imme- 
diately titrated  with  potassium  permanganate,  which  is  added 
slowly. 

Requirtmenis, 

(a)  Stannous  cblondc  solutloa.  50  gms.  of  staimous  chloride 
are  dissolved  in  100  c.c.  of  concentrated  hydrochloric  acid  and 
dilutot)  with  water  to  a  volume  of  one  liter. 

(6)  Hydrochloric  acid,  sp.  gr.  1.12, 


•Loccit. 
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(c)  Mercuric  chloride  solution.  A  saturated  Bolution  of  the 
pure  commercial  salt  in  water  is  used. 

(rf)  Mniigancao  suljihate  solution.     Soc  p.  607, 

Procedure.— T\iG  ferric  salt  is  dissolved  in  20  to  25  c.c.  of  th3 
hydrochloric  acid  (i)  heated  to  boiling,  the  flame  rcniove<l,  anid  the 
atonnous  chloride  solution  (a)  is  addod  thop  by  drop  until  the 
iron  solution  just  becomes  colorless.  The  solution  is  cooled  to  at 
Ifast  the  room  temperature  and  10  c.c.  of  mercuric  chloride  (c)  are 
quickly  added,  whereby  a  slight  sillij'  precipitate  of  HgaCla*  is 
formed.  After  ten  min\itcs  the  solution  is  diluted  to  about  500 
CO.,  20  to  25  c.c.  of  the  manganese  sulphate  solution  (rf)  are  added, 
and  the  mbtture  is  titrntfd  (verj'  slowly)  with  potassium  per- 
manganate until  a  pink  color  permanent  for  one  minute  is 
obtained. 

Exarnpk:  Detcrminatwn  of  Jrnn  in  Hematite,  FejOa. — About 
0.25  to  0.3  gtn.  of  the  finely-poxvdored  mineral  is  weighed  out  into 
a  beaker,  3  c.c.  of  the  stannous  chloride  solution  {a)  f  are  added 
and  25  c.c.  of  the  acid  (6).  The  beaker  is  coverc<i  with  a  watch- 
glass  and  its  contents  healed  nearly  to  boiling  until  all  of  the  iron 
oxide  has  dissolved  and  a  white  sandy  residue  is  obtained.  This 
operation  seldom  requires  more  thaii  ten  minutes.  The  slightly 
yellow  colurt'd  solution  thus  obtained  is  carefully  treated  with 
Btjmnoua  chloride  drop  by  drop  until  it  becomea  colorless  and  the 
reduced  solution  is  analyzed  as  above. 


*  If  the  pre>cipitat«  proclucod  by  mon-uric  RhloriUo  is  Et  all  Kraj*i!iLi  in 
color,  the  portion  iniiat  !«  thrown  nway;  too  Iwgft  nn  cxeeai  of  ntannoits 
chloride  waa  used.  Moreover,  the  end  point  with  pcnnanganatc  is  difficult 
to  see  if  tlic  jutution  contaiiui  much  praciiiJtAle. 

f  TliR  Kintiiinuit  chloride  pi^t.ly  facilitatt^  the  twhition  of  Iho  li«in&titC. 
If  too  much  IB  uwtl,  strong  pnrmnngnnAte  shoulJ  bo  addetl  drop  liy  drop 
uiUil  the  yeUow  color  of  [errio  ohloride  appears,  aud  tlie  soluLiua  then  cun>- 
(ully  il«coIoriscd  uguia. 
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Determination  of  Metallic  Iron  in  the  Presence  of  Iron  Oxide. 

This  method  is  useful  for  testing /ejTMm  rttlucium  which  U  ob- 
tained by  the  reduction  of  Ve,0,  in  a  stream  of  hydrofjcii,  Uauaily 
the  reduction  is  not  complete  and  the  pit-paration  contains,  besides 
the  metallic  iron,  some  oxide,  usually  nssumod  to  be  FcjO,.  The 
value  of  the  preparation  depends  upon  the  free  iron  content. 


ifi)  Methoii  of  Wilner*-MfTck.\ 

PrincijUe. — ^The  method  is  based  upon  the  fact  that  a  neutral 
aolution  of  mcmuric  ehlnrido  dl»4olvca  iron  acconling  to  the  equa- 
tion 

l'e+HgC:l,=  IIg+I'«a, 

while  the  FcjOj  is  not  attacked.     The  solution  of  ferrous  chloride 
18  litnilcd  with  pcrmang.iaate  solution. 

Procfdure. — About  (J.o  g.  vt  fvrrum  reductuvi,  in  the  form  of  a 
fine  powder,t  is  placed  in  a  UK)  ex.  K>^duated  flask,  from  which 
the  air  is  rejjlacat  by  t'Oj,  '.i  gms.  of  solid  mercuric  chloride  are 
added  and  5()  e.c.  of  water.  The  coriicuts  of  the  (iask  are  then 
heatetl  lu  boiling,  hy  means  of  a  ^^niiill  flame,  am]  tlie  liquid  boUed 
for  a  niiuuto.  The  flask  is  then  fillei]  up  to  tlit-  mark  with  hoited 
water.  After  cooling  to  15"  tho  solviiian  is  again  carefully  bixiuglit 
to  the  mark,  well  shaken,  and  then  allowed  to  stand  in  the  slop- 
|>ered  (lask  until  the  precipitate  has  settled.  The  liquid  is  then 
]it)un>il  through  a  dry  niter  and  the  5ltratc  caught  in  a  flask  filled 
with  carliori  dioxide.  Of  this  fsltrute,  20  c.c.  are  taken,  acidified 
with  20  c.c.  of  sulphuric  acid  {1  :•!),  treated  with  tO  c.c.  of  nian- 
gani!st;  sulphate  solution, §  diluted  to  200  c.c,  and  treated  with, 
tunth-normal  permanganate  solution. 

•FBnn.Tidi<krih,  1880.23^ 

t  Z.  wial.  Cheiii.,  II,  TIO  (1002). 

t  A  eoanw  [wwdcr  iit  DL>t  documiMjeed  qumatilaLivuljr. 

f8eapa«B»07. 
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The  Fork  Chloride  Method* 

Principte.'~K  neutral  solution  of  ferric  chloride  dissolves 
metallic  iron  with  the  formation  of  ferrous  chloride: 

Fe-f2FeClj=3reCl, 

and  the  fcrroxis  clilorido  formed  ia  titrated  with  permangfinate 
solution.  One-third  of  the  iron  thus  found  corresponds  to  the 
weight  of  metallic  iron  present  in  the  sample. 

ProceduTe. — About  0.i>  g.  of  ferrum  reductum  are  placed  in  a 
100  c.c.  graduated  flask,  which  hns  been  filled  with  CO,,  und  50  c.c. 
of  ferric  chloride  are  added  (1  gm.  anhydrous  ferric  chloride  in 
20  c.c.  water) -t  The  flask  18  stoppered  and  its  contents 
frequently  shaken  during  the  next  fifteen  or  twenty  minutes. 
The  solution  is  then  brought  to  the  mark  with  cold,  boiled  water, 
mixed,  the  flask  stoppered,  and  allowed  to  stand  over  night.  C>f 
the  clear  supernatant  liquid,  20  c.c.  are  removed  by  ii  jiiimlte  and 
titrated,  us  in  the  previous  method,  with  tcnth-nomial  pomian- 
ganate  solution. ( 


2.  Determination  of  Manganese.     Method  of  Volhard.§ 


1000  c.c.  N.  KMiiO,II  = 


3Mq     3  X  04.03 


10 


10 


=  16.4SKmK.  Utt. 


If  an  almost  boiling,  slightly  acid  solution  of  manganese  sul- 
phate is  slowly  treated  with  a  solution  of  (wtassium  permanga- 

•  A.  C'lirirfojafn,  Z.  aniil.  Chem.,  44,  S35  (I'.W.I). 

t  The  f«Tic  cbWide  must  give  n  clear  Kolutiun  iii  cold  water.  As  tt 
often  coutuiiui  ft  liltic  fcrruiu  clili^dv,  a  Llunk  tcrt  muxt  be  miulf  and  a 
cunrctiua,  cummpuiuUng  lo  the  omaunt  of  iron  found,  iipplicd  to  the  annlyBia 
proper. 

I  For  other  mctKoda  of  analyxinK  ferrum  mdwtum,  sec  E.  Schmidt, 
niein.ZlK.21,V00(lS97).  A.  MarquwHt,  ;fe)d.,45,743  (1901).  I,.  WoUmm, 
InauK,  T>is»i.Tt.,  ErliuiRor.  ISWO,  F.  l-'orsler  (uiil  V.  Herald,  ».  EltJtiroclieni. 
ISIO,  401. 

j  Ann.  d.  Chem.  und  Pharm.,  108,  318. 

II  airiclly  appaking,  the  normality  of  iJie  ]K:rmangauate  in  ilifferent  when 
UBed  to  oxidJEO  manRane-te  in  ^liichtly  «ctd  or  oeutral  ftolutiuii.     In  this  raao 
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nate,  each  drop  will  cause  the  formation  of  manRanous  acid 
(il2Mn03),  which  ia  formed  under  certain  conditions,  as  deecribed 
below,  according  to  the  following  scheme: 

2MnO; +3Mn+  +  +2U2O  -» 5Mn02+4H* 


Accordinja;  to  lliis  equation,  therefore,  2KMn04  will  oxidize 
3  gni.*atum3  of  manganese,  and  as  UKK)  c.c.  of  N.  KMnO^  con- 
tain \  gtn.-mol.  KMnO^,  evidently  this  amount  of  permanganate 


,    ^    3Mn 

corroaponda  to  —^ 


16.4S  gnis.  Mn. 

A.  Guyarcl,  who  first  dct<?rmined  nianEancse  by  thia  method, 
assumed  that  the  oxidation  took  place  iiceordiug  to  tiie  following 
equation: 

2KMn04+  3MnS04  +  "HyO  =  aKHSO,  +  H3S04+ 5H3Mn08. 


In  reality,  however,  the  reaction  does  not  take  place  in  thIa 

way,  but  instead  of  pure  manganous  acid  being  precipitated,  dif- 
ferent acid  manganites  of  var>'ing  composition  are  formed;  e.g., 

/OH 

Mn^O 

4ICMii04  +  UMnS04+  14H20=4KUS0«+7U2SO4+5    ^q>  Mn. 

Mn=0 


"^ 


OH 


Volhard  haa  shown  that  if  caldum,  barium,  or,  better  still,  zino 

sails,  an.t  present,  mangnnitcs  oftbeso  metaU  arc  precipitated 

the  man^ancflo  of  the  pemuuiganate  is  reduced  to  the  quAdrivalcat  form  iQiit«ad 

itf  to  bivalent  m&agaDeiie,  w>  that  &  aoroial  iKiiutiuu  wouIlI   aonr  contaio 

KMnO,  .     _      ,     .KMtiO,  .  1.        -,  -         ,  ,  j 
T. —  Vfo*-  iiMleatI  01  ■ — r —  gm*.    Inaxmuca  as  it  u  outomar)'  to  staod- 

■rdlM  |>crnLiLiiRanntG  as  outlined  on  |>aRCH  ^7-G03,  we  ahall  uodcnLaad  by 
iHirma!  KMnO,,  a  solutiua  coDUiniog  ooo-OTth  of  Uio  moleeuUr  weight. 
—(Translator.] 
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The  precipitate,  although   vai^Hnp;  in   composition,   contains  all 
of  the  manganese  in  the  qutidrivahnl  form;  e.g., 

yOn 

4KMi.O,+5ZnSO,+  0MnSO.+  I4H,0=  ^^'^^ 

In  case  iron  is  present,  the  reaction  docs  not  take  place  quan- 
titatively in  the  direction  from  left  lo  right,  so  tliat  a  difftrent 
procedure  is  then  necessary. 

(a)  PROCEDDRE  when  iron  19  AnSENT. 

N 
Requirements. — I.  A  —  potassium  permanganate  Bolulioa, 

2.  A  manganese  sulphatesoliitirm,  tibtained  by  dissolving  4.530 

gms.  of  anhydrous  manganous  sulphate  in  one  Ut«r  of  aulution: 

N 
1  c.c.  of  this  solution^  1  c.c.  of  '—  KMnO,.* 

3.  A  zinc  sulphate  solution  obtained  by  dissolving;  200  gms. 
line  sulphate  in  one  liter  of  water. 

4.  Zinc  oxide  suspended  in  water,  obta.inei.1  by  precipitating 
pure  zinc  sulphate  by  means  of  caustic  potash  solution  in  such  a 
way  that  the  solution  does  not  react  alkaline.  The  residue  is 
washed  several  times  with  hot  water,  then  transferred  to  a  tightly- 
stoppered  bottle,  and  kept  suspended  in  water. 


Standardization  of  the  Permanganate  Solution. 

20  c.c.  of  the  nianganpse  sulphate  sohitinn  are  placed  in  an 
Erlenmeyer  flask,  40  c.c,  nf  zinc  .■fulphatrf*  solution  and  2  or  3  drops 
of  nitric  arid  f  are  added,  .iftrr  whirh  the  mixture  i«  diIiito<i  to 

*  Strictly  speaking,  thin  solution  la  A  oonti&L    By  dufinition,  a  ^  aolu- 

of  maiiKaae-ite  HUlpliKte  contaiiia       '_    _•— 7..'>50gm«.  MtiBO, in  noeliler.  Such 

a  lulutiun.  tiowevor,  would  nob  he  cquivalunt  to  a  KMnO,  wluUua  which  la 
tenth  nonnal  in  aeid  totntion.     Cf.  foot-note  to  page  5i7  (Translator). 

tThc  AildiUoD  of  the  oitric  add  cauaea  the  precipitate  to  acttl:  much 
taore  iiuickly. 
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200  C.C.,  heated  to  boiling,  and  trentcti  with  potas^um  permaiiga- 
nato  solution,  addeJ  with  conBtant  Bhakitig,  until  the  supematnnt 
liquid  remains  a  pcrmuueiit  pink. 

Titration  of  Mangartese. 
If  a  neutral  solution  of  manganese  sulphate  is  to  be  analyzed, 
tlie  same  proce<.lurti  m  use«l  ati  in  the  above  standardisation.  If 
tlie  solution  contains  manganouH  chlunde,  it  should  be  freed  from 
hydrocbloriv  acid  by  evaporation  with  an  exceiis  of  sulphuric 
avid.  Ttie  acid  solution  thus  obtained  is  neulruUzed  with  the 
zinc  oxide  until  a  little  of  the  ktter  remains  suspended  in  the 
liquid.    From  this  point  tho  procedure  Is  the  same  as  before. 

(b)  pnocF.DUHE  when  inoN  is  present. 

If  a  hydrochloric  acid  solution  is  to  be  analyzed  containing  all 
of  the  iron  in  the  ferric  form,  it  is  evaporated  to  dryness  with  Uie 
fltlclition  of  sulphuric  acid,  the  dry  nia.ss  is  moJHtciicd  with  nitric 
acid  and  wanned  until  complete  solution  is  effecUid.  The  j^reuter 
part  of  the  acid  is  neutralized  with  sodium  hydroxide  solution, 
the  Holution  placed  in  a  mcttHuring-fiimk,  and  an  excetss  of  the  zinc 
oxide  is  added  whereby  ul)  of  the  iron  is  precipitate^  as  hydroxide. 
Tlie  liquid  is  diluted  up  to  the  mark  with  water,  filtered  through  a 
dry  filler,  and  an  aliipmt  part  of  the  filtrate  Is  titrated  SiS  before 
with  ])otUBsiuiu  iiennangunate  ^nUition.* 


Determination  of  Hanganese  In  Steel. 
(G)  Volhard  Method. 
Tlie  solution  is  prepared  for  titration  by  dissolving  the  steel 
borings  t  in  nitric  acid  (sp.  gr.  1.2),  e\'aporating  the  solution,  after 
the  addition  of  20  c.c.  of  50  per  cent,  sulphuric  acid,  allowing  the 
residue  to  cool,  and  then  adding  150  c.c.  of  cold  water.  The 
water  is  boiled  until  the  ferric  sulphate  is  all  dissolved,  the  solu- 
tion filtered,  the  filtrate  nearly  neutralized  with  sodium  carbonate 
and  the  xinc  oxide  added  exactly  as  described  above. 

*Ttu!  first  few  cubic  ccDlimet«rs  of  tho  bltmlv  should  bs  tUsearded,  lor 
the  dry  filter  absorbs  some  of  the  dissolved  substoooe. 

t  'Jliree  gnia.  of  Bt«el  are  used  when  ibe  maoguiaae  oonteat  is  about 
1  per  tent,  lus  vbaa  the  eontcnt  is  higher.  The  proceis  is  not  well  suited 
fnr  Invr  nmnpineae  steels. 
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(b)  Tht  BumuUutte  M«Aod. 

This  method  ori^atcd  with  Schaeider,t  who  used  bismuth 
tetroxidc  us  the  oxidlzinp  agent,  but  hs  the  oxi'le  is  difficult  to 
prepare  free  from  chlorides  and  traces  of  chloride  interfere  iviih  the 
end  point  of  the  titration,  it  waa  abandoned  by  Rcddrop  and 
Ramage.t  who  proposed  the  use  of  sodium  bismuthate,  KaBiOs. 
The  product  sold  under  this  name  ia  of  more  or  less  indefinite 
composition.  It  may  be  prepared  by  heating  20  parts  of  caustic 
soda  nearly  to  redness  in  an  iron  or  nickel  crucible,  adding  in 
small  quantities  from  time  to  time  ten  parts  of  dry  basic  busmutb 
nitrate,  followed  by  two  parts  of  sodium  peroxide,  pouring  the 
yellow  fused  mass  on  an  iron  plate  to  cool.  When  cold,  the 
fusion  is  extracted  with  water,  collected  on  an  asbestos  filt«r, 
washed  five  times  by  decantation  with  water,  and  dried  in  the 
hot  closet  at  110^  After  grinding  and  sifting  the  product  ia  ready 
for  use. 

The  process  la  based  on  the  fact  that  a  manganous  salt  ia 
the  presence  of  an  excess  of  nitric  acid  Is  oxidized  to  perman' 
ganic  acid  by  sodium  blt^muthatc.  The  permauganic  acid 
formed  la  very  8ta1)le  in  nitric  acid  uf  LIS'*!  sp.  gr.  when  the 
RoUitiun  i»  cold,  but  in  hot  solutions  the  excess  of  bismutbato 
is  rapidly  decomposed  and  then  the  nitric  acid  reacts  with  the 
permaDganic  acid;  as  soon  as  a  small  amount  of  manganouB 
salt  is  formed  the  retnaindcr  of  the  permanganic  acid  is  decom- 
posed, manganous  nitrate  dissolves  and  manganese  dioxide 
precipitates. 

In  the  cold,  however,  the  excess  of  the  bismuth  salt  may 
be  filtered  off  and  to  the  clear  filtrate  an  excess  of  ferrous  a^l- 
phatc  added;  the  excess  of  the  latter  is  determined  by  titrating 
with  permanganate.  The  end-reactions  are  very  sharp  and  the 
method  is  extremely  accurate. 

lOOO  c.c.  N.  KMnO4  =  10.99  gms.  Mn. 

*  A.  A.  Blair,  J.  Am.  Chcm.  Soo.  SH,  793. 

t  Ding,  poly  J-  26fl.  221. 

>  Truw.  Ohcm.  Boc.  1805,  268. 
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Procedure  for  Steth. — Dissolve  1  gm.  of  drUUnga  in  50  c.c. 

of  nitric  acid  (sp.  gr.  1.135*)  in  an  Erlenmeycr  flask  of  200  c.c. 
capacity,  cool,  and  add  about  0.5  gm.  of  bismuthate.  The 
bismuthate  may  be  meaimrcd  in  a  small  spoon  and  cxpenencc 
will  soon  enable  tht-  operator  to  judge  of  the  amount  with  sufficipnt 
accuracy.  Heat  for  a  few  minutes  or  until  the  p'nk  color  hoe 
disappeared,  with  or  without  the  prcripitation  of  manganese 
dioxide.  IE  the  solution  now  nIiows  pn-cipitated  manganese 
dioxide,  add  cr^'stals  of  ferrous  sulphate  free  from  mangancao, 
sulphurous  acid  or  sotlium  thioinjlphatc  until  it  becomes  clear. 
Heat  for  two  minutes  to  remove  oxidea  of  nitrogen  and  cool  to 
about  ISP.  Now  add  2  or  3  gms.  mon;  of  sotUiim  bismuthate 
and  agitate  the  I'ontenls  of  the  flask  for  several  minutes.  Dilute 
with  jO  e.c.  of  3  percent,  nitric  acid  and  filter  through  an  asbestos 
filter,  using  g<.>ntle  suction.  Waeh  tho  tuibe^tos  with  50  to  100 
C.C.  of  cold  3  per  cent,  nitric  acid.f  Uun  into  tiiis  solution  50 
c.c.  of  standardized  ferrouit  sulphate  aolution^  and  titrate  back 
to  pink  color  with  potassium  jKirmanganato.f 

The  value  of  the  ferrous  sulpliatc  solution  in  terms  of  potaa^ 
aum  permanganate  must  lie  determined  in  the  following  manner: 

Meaauru  into  a  250-c.c.  Erlenmeyer  Hask  50  c.c.  of  cold  nitric 
acid  (sp.  gr.  1.13),  add  about  0.5  gm.  of  sodium  bismuthate, 
agitate,  dilute  with  50  c.c.  of  3  per  cent  nitric  acid  ami  filter 
through  asbestos.  To  the  filtrate  atld  50  c.c.  of  ferrous  sulphate 
solution  and  titrate  nith  permanganate  solution  to  pink  color. 

Having  detennined  the  value  of  the  permanganate  solution 
in  terms  of  ferrous  sulphate,  the  mangaiiejye  in  the  sample  is 
represented  by  the  diffeii-ncc  Ix-twccn  the  amounts  of  perman- 
guiatc  solution  actually  used  in  the  dcterminatiun  and  in  tho 

'CooceuLrutcil  uilrtr  acid  mixed  v-hh  three  tiniee  aa  much  wat«r.  This 
ia  often  rolled  S.*;  per  tout  tiitric  ucid  CL>y  vulume).  It  coaukiun  22.5  per  cent 
nitric  ni'id  by  weight. 

tao  i:.c.  HN(^».  Hp.  gr.  1.42,  in  one  liter  of  wat«. 

t  Ad  ftppn)xiituLtcIy  0.03  N  Bolution  duuIc  by  illjiaolving  9  ridb.  ctj»- 
tallizwl  feiToua  sulpluite,  FeSOf7H»0  or  12  ipu».  of  ferrtjua  aiuinoniiim 
Bulpliair,  Fc.SC.(NII«}«»(>i-01I|O  in  dSO  c.c  mtiUsr  and  fiO  cc.  of  coQcen- 
Irotcil  Aiilphuric  add. 

1 1  gm.  KMnOt  to  the  liter. 
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tllratioD  of  a  volume  of  ferrous  sulphate  O'luiv&Icnt  to  tliat  uacd 
m  the  dctemunation. 

Pig  Iron.  —  DiiwoU-e  1  gm.  In  25  c.c.  of  nitric  add  (sp.  gr, 
1.135)  ia  a  small  beaker  and  aa  soon  as  the  action  Itas  ceased 
filter  on  a  7-cm.  filter  into  a  200-c.c.  Erlenrocyer  flask,  wash  with 
30  c.c.  of  the  same  acid  aa  proceed  as  ia  the  case  of  stecbi. 

In  the  analysis  of  white  irons  it  maybe  nccessarj*  to  treat  the 
solution  several  times  with  bismuthate  to  destroy  tho  combiutxl 
carbon.  The  solulion,  when  cold,  should  be  nearly  colorlej>s;  if 
not,  another  treatmeuL  with  bismuthate  is  necessarj*. 

Iron  Ores  Containing  Less  ihan  Tuw  Per  Cent,  of  Manganese. — 
Treat  ]  gm.  in  a  platinum  dish  or  crucible  with  4  c.c.  of  .strong 
sulphuric  acid,  10. c.c.  of  water  and  10  to  20  c.c.  of  hydrofluoric 
acid.  Evaporate  until  the  sulphuric  acid  fumes  freely.  Cod 
and  dissolve  in  25  c.c.  of  I.l3o  nitric  acid.  If  no  appreciable 
readue  remains,  transfer  to  a  200-c.c.  Krienmeycr  fla.tk,  using 
25  c.c.  of  1.135  nitric  acid  to  rinse  the  <lish  or  crucible  and  proceed 
as  usual.  If  there  is  an  appreciable  residue,  filter  on  a  small 
61ter  into  a  beaker,  wash  with  water,  burn  the  filter  and  residue 
tn  a  crucible  and  fuse  with  a  small  amount  of  potassium  bisul- 
phato.  Dissolve  ia  water  with  the  addition  of  a  little  nitric  acid, 
add  to  the  main  filtrate,  evaporate  nearly  to  dryness,  tako  up 
ill  1.135  nitric  acid  and  transfer  to  the  flask  as  before. 

Manganese  Ores  and  Iron  Ores  High  in  Manganese. — ^Trcat 
1  gm.  as  in  the  ca.se  of  iron  ores,  using  a  little  sulphurous  acid, 
if  necessary'.  Transfer  the  solution  to  a  SOO-c.c.  flask,  diluto  to 
the  mark,  mix  tlioroughly  and  mea.suro  into  a  Aask  from  a  care- 
fully calibrated  pipette  such  a  volume  of  the  solution  as  will  give 
from  1  to  2  per  cent,  of  manganese  and  enough  strong  nitrio 
acid  (sp.  gr.  1.4)  to  yield  a  mixturo  of  1.135  acid  in  a  volume 
of  50  to  00  c.c. 

Ferro-nmnganesc. — Treat  1  gm.  exactly  like  steel.  Dilute 
to  son  or  10(K>  c.c.  and  proceed  as  iii  nianpanese  ores. 

Ferro-ailiam. — Treat  !  gm.  with  sulphuric  and  hydrofluorio 
acids  and  proceed  as  with  iron  ores. 

Sftfcijil  Sleds. — Steels  containing  chromium  ofl'er  no  special 
dilTiciillie.s.  except  that  it  must  be  noted  that  while  in  hot  solu- 
tions the  chromium  is  oxidized  to  chromic  acid,  which  is  reduced 
by  the  addition  of  sulphurous  acid,  the  oxidation  proceeds  so 
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slowly  in  cold  .solutions  that  if  there  is  no  delay  in  the  GItration 
and  titration  the  results  uru  not  affect^jJ.  [f  much  chromium 
is  present,  however,  it  is  advisable  to  eeparate  the  chromium  and 
manganesd  by  precipitating  the  former  as  in  the  moihotl  of  Volhard, 
p.  6I0,  and  tletermiue  the  man^aue»e  iu  an  aliquot  part  of  the 
filtrate.  Steels  containing  tungsten  are  eometimes  troublesome 
on  account  of  the  necessity  for  getting  rid  of  the  tungstic  acid. 
Those  that  decompose  readily  in  nitric  acid  may  be  iillered  and  the 
filtrate  treated  like  pig  iron,  but  when  it  ib  ueccssarj-  to  use  hydro- 
chloric acid  it  is  Ijesi  t«  treat  willi  aqiui  regia,  evaporate  to  drj-ncss, 
redisaolve  in  hydrochloric  acid>  add  a  few  drops  of  nitric  acid, 
dilute,  boil,  and  filler.  Get  rid  of  every  trace  of  hydrochloric 
acid  by  repeated  evai>omlionB  with  nitric  acid  and  proceed  03 
with  an  ordinary  stcol. 

(c)   Williumti  Meth,id* 


=  2.747  gma.  Mn. 


Principle.— \i  a  nitric  acid  solution  of  a  manganoua  salt  \& 
heated  with  potassium  chlorate,  all  of  Lho  mangaiictw  is  pre- 
cipitated 2»  the  dioxide: 

MnCX0a)2  +  2KC10a  +  H2O  =  MnOj  •  HjO+2K.\03  +  2Ct02. 

The  MnOj  is  dissolved  in  a  measured  volume  of  acid  ferrous  sul- 
phate, and  the  excess  is  titrated  with  tenth-normal  perman^^anato. 
Procedure. — From  2  to  3  gnia.  of  an  onlinarj'  steel,  about  1 
gin.  of  "  Spiegel "  or  0.3  to  0.5  gm.  of  ferromanKaneso  arc  weighed 
into  a  000  c.c  Erlenmcyer  ila.sk  and  dissolved  in  00  c.c.  of  nitric 
acid,  8p.  gr.  1.2.  To  prevent  loss  by  spattering,  a  small  funnel 
is  placed  in  the  neck  of  tho  flask.  After  evaporating  the  solu- 
tion to  a  volume  of  about  15  c.c,  50  c.c.  of  concentrated  nitric 
acid,  s|).  gr.  1.42,  and  3  gnis.  of  solid  potassium  diEuratu  ait;  added, 
and  the  solution  is  boiled  for  fifteen  minutes.  It  is  then  removed 
from  the  source  of  heat  and  the  treatment  with  50  c.c.  concentrated 
nitric  acid  and  3  gins,  of  potassium  chlorate  is  repcat<'<l,  after 
which  the  solution  is  boiled  for  fifteen  minutes  longer.  The 
solution  is  cooled  quickly  by  placing  tlio  flask  in  cold  water,  and 


•Truiu).  Inirt.  Min.  Kur.,  10.  100.     get-  aliw  W.  Hamtw,  Chpm.  Ztg.,  7, 
73  (1883),  t,  1478  (1685),  uul  Ukena,  Slahl  uod  tjdCD,  11,  373  (1891). 
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the  precipitated  manganese  dioxide  is  6Uered  on  asbestos/  washed 
with  concentrated  nitric  acid  till  free  from  iron,  and  with  water 
till  free  from  acid.  The  asbesttM  pad  and  precipitate  is  trans- 
ferred to  the  original  flask,  covered  with  50  c.c.  of  standardized 
ferrous  sulphate  solution, t  and  diluted  with  woler  to  a  volume  of 
20O  e.c.  The  contents  of  the  flask  are  sliakeu  with  slasa  baads 
until  all  the  precipitate  is  di.ssolved,  and  the  solution  is  then 
titrated  with  tenth -normal  permanganate. 

The  amount  of  manganese  present  is  computed  as  follows: 
50c.c.  of  ferrous  sulphalesolution  require  rc.c.O.l  N.  KNriO*; 
60  c.c.  of  feiTous  sulphate  after  acting  with  the  pcrmanganat« 
acid  fromn  g.  of  steel  required  c.c.  of  0.1  N-KMnO<.   ('onsequcntly 
a  g.  of  thesubetaDCe=(7'— 0  c.c.  0.1  N.  KMnO^and 

0.002747(r-()Xl00     _  „ 

=  %  Mn. 

a 

Remark. — In  the  analysis  of  cast  iron,  the  sample  should  be 

dissolved  in  hydrochloric  acid  and  the  insoluble  residue  should 

be  fused  with  sodtum  carbonate  to  see  if  h  contains  manganese. 

If  the  melt  is  green,  showing  manganese,  it  should  be  dissolved 

in  hydrochlone  apicl  and  added  to  the  main  solution,  which  is 

evaporated  nearly  to  drvTiess  and  again  with  nitric  acid  in  order 

to  remove  all  the  hydrochloric  acid. 

(rf)  (7.  V.  Knorre's  PersulpJmle  Method-X 
Principle. — Tf  a  solution  of  manganouR  snlphfttc  containing 
a  little  free  sulphuric  acid  i.i  treatcil  with  ammonium  persulphate, 
the  mangnnrs(>  w  prncipitated  quantitatively  as  hydratcd  man* 
gancac  <Ho\i(Ec. 

MnSO4+(NH4)8Sa08+3Il2O-=Mn0aHaO  +  CNH4)2S04+2H2S04 

and  the  latter  can  be  estimated  as  in  iho  above  detenninniion. 

Procedure. — In  the  caae  of  the  harder  allo.V8  of  iron  and 
manganf^e,  the  sample  i^  pulverized  as  much  as  possible  In  a  steel 
mortar.  The  weights  of  sample  taken  correspond  to  those  recom- 
mended for  the  previous  determination.  The  weighed  substance 
is  treated  in  a  beaker  with  sulphuric  acid  (1:10)  at  the  boiling 

*  A  aatwfactory  tilttT  is  oht»ii)0*l  t)y  [tinciiig  a  Uttlu  glaaa  wool  in  a  f  uuiwl, 
sod  on  this  a  little  u-slx^loa,  sitrh  as  is  lucd  for  (Sodih  crucibles. 

1 10  i;m.  Fi%S<>4-71Ii(>,  50  c.c.  ctmctsiitruUHl  UHOt,  nod  OJM)  cc.  water. 
}Z.  fkDsev.  Cbem..  14,  lUQ  (19U1). 
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temperature,  using  M  c.c.  of  the  dilute  ackl  for  the  harder  alloys 
aiid  GO  e.c.  for  the  softer  onus.  As  soon  as  the  evolution  of 
hydrogen  coascs,  the  solution  is  filtered  through  a  small  filter 
which  is  wa^^hed  with  cold  wat-er  until  thi;  wai^hings  give  no  test 
for  iron  wltii  potassium  fiTrii-yunido.  Fix^iucntly,  ei*pecially  in 
the  case  of  fcrro-maaganesc  rich  in  silicon,  the  insoluble  residue 
still  rcmlaiiiii  a  little  manganese,  so  that  for  an  aeeurate  analysis 
Lcdoliur  ignites  the  filler  and  precipitate  in  a  platinum  crucible, 
treats  the  residue  with  hydrofluoric  acid  ami  about  0.5  c.c.  oC 
concfntratcil  sulphuric  acid,  and  evaporates  in  an  air  haih  until 
sulphuric  anhydriile  vapors  are  evolved.  After  cotiling  the 
contents  of  the  crucible  arc  added  to  the  main  solution.  Then 
from  ISO  to  250  c.c.  of  ammonium  persulphate  solution  arc  added 
(CO  gms.  i>cr  liter)  the  solution  diluted  to  about  300  c.c.  and  heated 
to  boiling.  After  boiling  for  fifteen  minutes,  the  precipitate  ia 
allowed  to  settle  and  is  filtered,  washed,  treated  with  tin  e.\ce^3  of 
ferrous  sut]))mtc  solution  and  titrated  e.xactly  as  in  the  previoua 
Williams  method. 

3.  Determinatioa  of  Uranium.    Method  of  Belboubek,* 

Ziiniiieniiann,t  HtUebrand.t 

1000  c,c.  N.  KMnO.-?J  -~^  - 119.3  gm>.  U. 

This  method  is  ertpecially  suited  for  testing  the  purity  of  a 
precipitate  of  U,Ot  obtained  in  the  analysis  of  uranium  minerals. 
It  is  baseil  upon  the  fact  that  when  Vfi,  U  heated  in  a  closed  tube 
with  dilute  sulphuric  acid  at  l-KJ*  to  175*"  C.  it  is  readily  decom- 
posed according  to  (ho  equation 

forming  uranyl  and  uranoua  sulphates.  The  latter  oompcmnd 
is  oxidized  to  the  foniier  by  means  of  pota-sBiuni  pcrmanganatef 

2KMn(\+ 5f(SO,),+2H,0  =. 

-2KHS0,+  2MnS0.+  ir,S0.+5UO^,. 

•  Joura.  f.  prekt.  Chtm.,  W.  2:)l. 

t  Ann.  der  Cbem.  u.  I'li.nn..  282,  2S5. 

X  V.  8.  Gcul.  Sun  cy,  No.  78,  00  (1889). 
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From  this  equation  it  follows  thnt  2  gm.-mols.  of  ICMnO^  arc  eqnivft* 
Jent  to  5  gin.-atoms  of  uranium,  and  1000  c.c.  N.  KMnO,  soluiion 

U     23S.5 


(^^KMnO,)  =J  gin.-atoin  of  uranium=-g' 


=  Uy.25gms.  U. 


Procedure. — The  wciglied  amount  of  U,Og  u»  placed  in  a  tube 
cIoBcd  at  one  end,  10  to  15  c.c.  of  dilute  sulphuric  acid  C^'^)  f*™ 
added,  and  the  open  end  of  the  tube  is  made  narrower  by  heating 
in  a  blast-lamp  and  drawing  it  out  somewhat.  The  air  in  the 
tube  is  removed  by  inserting  a  long  capillar)'  so  that  it  roaches  to 
the  bottom  of  the  tube  containing  the  substance,  and  conducting 
a  current  of  carbon  dioxide  through  It;  llic  larger  tulK!  is  finalty 
sealed  without  removing  the  capillary.  The  tube  is  then  heated  in 
ft  "bomb  furnace"  at  I.tO-IZS*"  C.  until  everj'thiiig  has  diswdved 
to  a  clear  green  liquid.  After  cooling,  the  tidjc  is  opened  by 
malting  a  scratch  with  a  file  an<I  touching  it  with  a  hot  glass  rml. 
The  contents  are  poured  into  a  largo  porcelain  dish,  diluted  with 

N 
distilled  wat«r  to  500-700  ex.,  and  titrated  with  —  KMnO<  solu- 
tion until  a  permanent  pink  color  is  obtainerl. 

N 


1  c.c.  ~  KMnO, 


0.01 192:>  gm.  U  =  O.fl  13o2r»  gui.  UOj  oxidistcd.* 
Rcffuirk. — The  alwve  method  ^vcs  very  exact  results. 


4.  Determination  of  Oxalic  Acid. 
1000 cx!.  N.  KMi.O.-5lC«^:2H^=.i^^-63.0SBnw.Hrf;,O.-2inO. 

The  procedure  i^  exactly  the  same  as  waa  described  under 
the  standard  illation  of  permanganate  by  meana  of  oxalic  acid 
(page  59S) 


•  It  rnuitt  bi'  rfm^mtieird,  however,  that  only  one-thinl  of  tbe  totiO  uranium 
JaU,0.h»Bbocn«)xidiwtai.yt!.eKMii0.tf,(),-il.IO,  +  UO,).    Coiwequvitthr, 

withiVEmnltothetoUl  uranium,  Ice.  ^  KMnO.-0.O307R  gtn.  U-D.(>1-'l8 

gm.  U,0,.— TTramOatorl. 
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S-  Detennination  of  Calcium. 


1000  p.c.  N.  KMntJ«- 


Cti    JO.irj 


-20.05  gms.  Ca. 


2  2 

The  calcium  Ls  precipitated  as  (Itwcrihctl  on  p.  70  m  the  fonn 

of  its  oxalate,  filtered,  and  washed  with  hot  water.   The  still  tnoist 

precipitate  is  transferred  to  a  beaker  by  means  of  a  stream  of 

water  from  the  waah-botlle,  and  the  part  rcmairjng  on  the  filter  is 

removed  by  allowing  warm  dilute  sulphuric  acid  to  pass  through 

it  several  times.     To  the  turbid  solution  in  the  beaker,  20  c.c.  of 

guJphuric  acid  (1:1)  are  attded,  and  after  dilution  with  hut  water 

to  a  volume  of  fmm  ;JUO  to  400  c.c,  the  oxaJic  acid  is  titrated  with 

K 

—  KMnO,  solution. 

N 

1  c.c.  jTT  KMnO^-=0  0  iL>tH)o  fim.  Oa. 


6.  Determination  of  PbO-,  in  Minium  [RedL^ad,  Pb,OJ.   Method 

of  Lux.* 


OOOOccN-KMnO.- 


Pl,(>,   -j;!!).! 


- 1 19.55  Br"».PhO, 


2  1 

Principle. — If  lead  peroxide  (PbO^  is  treated  with  oxalic  acid 
in  acid  solution,  the  latter  is  oxidized  according  to  the  following 
equation: 

Ph0a+C.,0r+4H*  —  Pb+  +  +2COa+H20. 

If  the  deconipowtion  takee  place  with  a  measured  amnimt  of 
tilratcil  (ixaliir  uciil  t!oluttiiu  nnd  the  excess  of  the  latter  la  titrat^Ml 
by  meanfl  of  ]H>tassium  permangauato  solution,  the  difference 
shows  the  amount  of  oxalic  acid  neecssary  to  effect  the  reduction 
of  the  lead  peroxide. 

Procedtire. — .\bout  0.25  gm.  of  nunium  (red  lead)  is  weighed 
into  a  porcelain  tUsh  aiid  healed  with  20  to  30  c.c.  of  double  normal 
nitric  acid.t  The  original  oxide  is  thereby  changed  into  soluble 
leoil  nitrate  and  brown,  Insoluble  HjPbOs: 

Pb30*  +  4HN03  =  2Pb(i\03)2+HaO+H2PbO3. 

N 

After  solution  is  etTeeted,  50  c.c.  —  oxalic  acid  arc  added,  the 

~  •  7.  MLiI.  Ciiciii.,  1».  p,  153.  ' 

i  Nitric  arid  sp.  gr.  1.2  diluted  wiih  Lwo  rotumes  of  water. 


N  N 

If  /  c.c.  —  KMnO.  solution  wore  useil,  then  50— (  c.c.  -r  HjCjO^ 

a  o 

were  neccs3flry  for  the  reduction  of  the  amount  of  PbO,  cuntainixl 

in  the  minium  (a  gm.)  taken  for  anEily^. 

Since  1000  c.c.  N.  IT2Ca04  =  1 19.55  gms.  PbOa,  then  lOOO  c.c.  — 

o 

Il2C20<=^^?^= 23.91  gms.  PbOs  and  1  c.c.  =  0.D2391  gm.  PbOj. 


(50—0  c.c.  V  oxalic  acid  correspond  to  (50—0x0-02391  gm. 

PbOa. 

The  per  cent,  of  tbe  latter  is 

a:(M-OxO.O'i391"100:a 

(50-0X2.391  .    ™-,   ^ 
per  cent.  PbOi.* 

7.  Detennination  of  MnO,  in  Pyrolusite, 
1000 c.c  N.  KM»0,-^'-^?  -43.47 gm«.MnO^ 

(«)  Method  of  Lcvol  and  Poggtate,  Modified  btf  G.  Lurtgcf 

After  dn-ing  at  IflO*  to  ronstjint  weight,  1.0S66  gms.  of  the 
finely  powdered  pyrolusite  are  placed  in  a  250  c.c.  flask  which  ia 
provided  with  a  Contat  valve  (see  page  602).  The  air  is  expelled 
by  conducting  COj  into  the  flaJnk,  and  then  75  c.c.  of  the  ferrous 
sulphate  solution,  prepared  as  descril>e(i  below,  arc  added,  the 
flask  closed,  and  ita  contents  hf^ited  over  a  small  flame  until  there 
is  no  longer  any  dark-colored  residue.  The  flask  is  cooled  quickly, 
the  contents  diluted  with  200  c.c.  water,  and  the  excess  of  ferroufi 
sulphate  titrated  with  0.5N  KMnO,  solution.  Immediately  be- 
fore the  analysis,  the  titer  of  the  ferro-sulphatc  solution  is  deter- 
mined by  taking  25  c.c.  of  it,  diluting  to  200  c.c.  and  titrating  with 
pcnnanganate. 

*  Tu  cxprotf  the  results  in  per  ceol.  fbaUi,  the  otuuber  2.391  •tioulJ  ba 
roplncoJ  by^OJiSS.— (Traji«lit€>r.i 

t  Cttcm.-techD.  UutnrsucbungsmethodvD.     EditioD  6,  Vol.  I.,  p.  SW. 
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By  the  treatment  of  the  pyrolusitc  with  ferrous  sulphate,  tlio 
following  reaction  takes  place: 

MiiO,+2FeSO,  +  2H3SO,=re,(SOj,+MiiSO,+2H,0. 

The  computation  of  the  percentage  of  UnO,  is  as  follows: 

75  c.c.  FeSO<  eolutioa require  T  c.c.  0.5N  KMnO, 

75  c.c  FeSO,  + 1 .0866  gms.  pyrolusitc . .       "      t  c.c.  0.5N  KXlnO. 

/.  l.OSOegms.  pyrolusitc  require  T— tc.c.0.5N  KMnO^ 
corresponding  to  (T—t)X  0.02173  gm.  MnO,  and  in  i>ercentage 
Cr-t)X0.02173XlOO.^^_^^y^  ^0_ 

The  ferrous  sulphate  solution  is  prepared  as  follows:  200  c.c. 
of  cont-nntrated  sulphuriu  acid  are  slowly  poiimd,  with  stirring, 
into  500  c.c.  of  water  and  while  the  mixture  is  utill  hot  100  grns. 
of  powdereit  KeSO<  ■  7H3O  cr>'stalH  are  added ;  on  stirring,  solution 
should  take  place  within  a  few  minut^'s.  The  solution  is  finally 
diluted  to  one  liter,  and  when  cold  is  ready  for  uae. 


(b)  The  Oxalic  Acid  Method  0/  Fresmius-WUl,  Modijted  by  Mohr* 

About  0.4  gro.  of  6neiy  powdered  pyrolusite,  which  has  been 

dried  at  100",  is  heated  on  the  water-bath  with  50  c.c.  ~  oxalic 

acid  and  20  c.c.  siilphunc  acid  (1:4)  until  no  more  black  particles 

remain  undissolved.    The  solution  in  diluted  with  200  c.c.  of  hot 

N 
water  and  titrated  with  —  KMaO.  solution.     Tlie  reaction  which 

o  * 

take!«  place  between  the  manganese  dioxide  and  the  oxalic  acid  ia 
expressed  by  tlic  following  equation: 

MnO,+  H^SO,+  H,CA-MnSO.+2CO,+2H,0. 

1  c.c.  y  KMnOi  =  l  c.c.  ^HjCaO^- 0.0087  gm.  MnOj. 


*  KreaeaiiM-Will  carried  out  Uie  analysis  in  aa  olkalimuLer  uid  detemunud 
tbe  C0|  evolved  by  Iom  in  wciaUt. 
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uolumetric  ah^i.ysis. 


8.  Determination  of  Formic  Acid  (Liebea).* 


100Cfc.cN.KMuO, 


SxHCVOH 


^^^"5?=13.80gm9,  MUOOH.t 


10  10 

In  colli  acid  solutions  permanganate  reacts  only  slowly  with 
Coniiic  aeici,  while  in  a  hot  solution  tbe  latter  \s,  lost  by  volatiliza- 
tion,so  tliat  the  titration  in  open  vessels  is  imiXKwible;  in  nlkaiine 
solutions,  on  the  other  hand,  the  oxiJation  takes  place  readily  and 
quantitatively  in  the  cold : 

2KMn04+3IIC02K=2KiC03+KHC03+2Wn02+H20. 

ProC'C/hiTe. — Tlie  formif.  ariil  is  nciitralizwl  by  an  exross  of 
Bodium  carbonate,  and  pcnnaiipinate  is  run  into  the  hot  }  sodium 
formate  solution  until  tlie  clear  liquid  above  the  precipitate  is 
colored  reddish. 

9.  Analysis  of  Kitrous  Acid  (Lunge). 


lOWc.e.  N.KMdO,- 


HNO,    470I.S 


-23.51  gma  HNO, 


2  2 

On  account  of  the  volatility  of  nitrous  acii),  the  aqueous  solu- 
tion of  the  nitrite,  or  the  sohition  of  nitrous  acid  in  eoncentrated 
sulphuric  acid  (nitrose),  is  meofiured  from  a  burette  into  a  known 
amount  of  ponnangnnatc  solution,  which  has  Iwen  made  acid  with 
sulphuric  .icid ,  diluted  to  a  volume  of  afxiut  400  c.c.  and  warraeil  to 
40®  C.    The  nitrous  acid  is  thereby  oxidized  to  nitric  acid: 

2KMnO.+  5HN0,+  3H^0,  =  K^0,+  2MnS0,+  3H,0+  5HN0„ 

and  the  decolorization  of  the  solution  shows  the  end-point. 
Toward  the  end  the  nitrous  acid  must  be  added  slowly,  for  the 
change  from  red  to  colorless  requires  some  time. 

10.  Analysis  of  Hydrogen  Peroxide. 

1000e.o.N.KMnO,-^^-^^-17.0l  gma.  H,0^ 

Ten  cubic  centimetere  of  commercial  3  per  cent,  liydrogen 
peroxide  are  placed  in  a  100-c.c.  measuring-flask,  diluted  up 

•  Monatebefte.  XIV,  p  74C,  and  XVI,  p.  210. 

t  III  Kxlily,  the  normal  solution  of  rocniic  acid  would  cootala  )  (oot  ,^) 
tiie  moloeutar  wpight.     Soc  fout-Dolc  to  page  B12. 

]  Thr  titratifin  1.4  madn  in  hnt  anliitinn  IteoaUM  tlie  mammons  hnU 
formed  does  not  scttli;  well  from  a  coU  solutioci. 
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ia  the  mark  with  water,  and,  after  thorouglily  mixing,  10  c.o. 

(^Ic.c.of  the  original  solution)  are  placed  in  a  beaker,  and  diluted 

with  water  to  a  vohirne  of  300  to  400  c.c.     After  adding  20  to  30 

N 
C.C.  of  sulphuric  aeid  (1:4), the  solution  is  titrated  with  jr  KMn04 

until  a  |)crmanent  pink  color  is  obtaincfl.    The  following  reac- 
tion takes  place; 

2KMnOt+  5HjOj+  4H,S0.  =  2KHS0,+  2MnS0.+  8H,0+  SO,. 

Frequently  it  happens  that  the  6rst  drop  of  the  permanganate 
causes  a  permanent  coluratioti  of  the  solution.  This  shows  that 
either  not  enough  sulphuric  acid  is  present,  or  cLse  there  is  no  more 
hydrogen  peroxide  left  in  the  solution.  In  this  case  a  little  more 
sulphuric  acid  Ls  added,  when  if  the  coloration  still  remains  llie 
preparation  is  surely  spoiletl,  as  can  be  shown  by  the  titanic  or 
chromic  acid  tests  (cf.  Vol.  I). 

The  amount  of  hydrogen  peroxide  is  expreeaed  either  as  per 
cent,  by  weight  or  as  per  cent,  by  volume. 

ExampU. — 10  c.c.  of  the  above-mentioned  dilute  solution  of 

hydrogen   pcrtjxide   ("=!   c.c.   of   the  uriginal  solution)   roiiuired 

N 
17.860.0. -r^  KMnO,  eohition,  correKpumllng  to 

17.86X0.001701  =0,03D3Sgm.  H,0,. 
As  the  specific  gravaty  of  the  origituil  hydrogen  peroxide  solution 
can  be  atwumcd  to  be  1,  it  therefore  conlaim;  3.04  per  cent.  H,0,. 

When  t;xprEs«e(l  in  "per  cent,  by  volume"  the  result  shoWB 
how  many  cubic  centimetere  of  oxygen  can  be  obtained  from 
IW)  c.c.  of  the  solution. 

In  this  case  1(X)  e.e,  of  the  hydrogen  peroxide  solution  eon- 
tain  3.04  gms.  of  IIjOj  andj  on  being  deconipoaed,  1  gui.-n»ol.  ll,0j 
aetfl  free  1  gm.-at.  O : 

HA"H,0+O 
34.02=18.02+16. 
or  11195  C.C.  of  oxygen  at  0"  C.  and  760  mm,  pressure;   consfr 
quently  3.04  gnis.  H,0,  will  evolve 

34.02:11195-3.04  :x 

3  04  X  1120(] 
'™       tA/vi       "  "^^  ^■^-  oxygen  meaaured  under  standani  con- 

diliuna  of  Lemperatun!  and  preaBuro. 


628  VOLUMETRIC  ANALYSIS, 

100  c.c.  of  the  commercial  hydrogen  peroxide,  therefore,  will 
evolve  1000  c.c.  of  oxygen,  i.e.,  ten  times  its  own  volume.  This 
is  somewhat  anomalously  designated  as  hydrogen  peroxide  of  10 
per  cent,  by  volume. 

100  CO.  3  per  cent,  hydrogen  peroxide  =  10  per  cent,  by  voliune. 
100  c.c.  6    "      "  "  "      =20    "      "     "        " 

100  c.c.  9    "      "  "  "      =30    "      "     "        •* 


II.  Analysis  of  Barium  Peroxide. 

1000  C.C.  N.  KMiiO.  =  5^  -  ^-^=84.70  gms.  BaOi. 

About  0.2  gm.  of  the  substance  is  weighed  into  a  400  c.c. 
beaker,  covered  with  300  c.c.  of  cold  water,  and  treated,  under 
constant  stirring,  with  20-30  c.c.  of  hydrochloric  acid  (1:5). 
When  all  the  Ba02  has  dissolved,  the  solution  is  titrated  with 
0.1  N.  KMnO*.  The  addition  of  H2S04  is  not  advisable,  as  the 
precipitated  BaS04  is  likely  to  enclose  some  BaOa  which  will 
then  escape  the  titration. 

Another  method  for  the  analysis  of  Ba02  has  been  proposed 
by  Kasaner.* 


12.  Analysis  of  Potassium  Percarbonate. 

1000  c.c.  N.  KMn04  =  — *:'-•  =  — ^  =99.10  gms.  KiCO^ 

0.25  gm.  pota.ssium  percarbonate  is  weighed  out  into  300  c.c. 
of  cold,  dilute  sulphuric  acid  (1:30),  in  which  it  dissolves  with 


'  Arch.  Pharm.,  258, 432. 


violent  evolution  oF  carbon  dtoxide  and  formation  of  an  pquiva- 
lent  amount  of  hydrogen  [teroxide: 

K3C20B+2H2S0«  =  2KHSO4+2C024-H20a, 
and  the  Utter  is  titrated  with  potassium  permanganate. 

13.  Analysis  of  Persulphates  (Persulphuric  Acid.  H^Os). 

HAn   (^7.08  Km*.  HAO, 
I00Oc.c.N.KMnO4-^^^^^*i  l^A     "    (NH,)AO, 
2      (  136.2     "    KiSiO, 

A  etolution  of  iwreulphuric  acid  does  not  reciia-e  |K>mianga- 
nat<*,  nor  does  it  react  with  titanic  acid;  on  the  other  hand  it  oxi- 
dizes ferrous  salts  unniediately  in  tlic  cold  to  ferric  salts,  and  by 
means  of  this  behavior  it  can  be  easily  determined.  The  ainnio- 
nium  and  potassium  salts  are  now  commercial  products,  and  are 
analyzed  a^  follows:  About  D.3  gm.  of  the  salt  is  weighed  out  into 
a  fla.sk  fitted  with  a  Bunsen  valve,  the  air  is  rpplacwl  hy  carl>an 
dioxide,  30  c.c.  of  a  freshly  titrated  solution  of  ferrous  sulphate 
arc  added  and  then  2<H)  c.c.  of  hot  water;  the  flask  is  closed  and 
its  i-o.  tents  lotaled.  The  salt  disiSDlves  without  difficulty,  and 
tho  ferrous  sulphate  is  oxidized : 

HaSaOg+2FeS04  =  FeaCSOOa  +  HjSO*. 

After  all  of  the  salt  has  dissolved,  the  contents  of  the  flask 
are  cooled  by  placing  the  flask  iu  cold  water,  and  the  excess  of 

AT 

ferrous  salt  is  titratttd  with  —  KMn()4.* 


"The  rtTroUB  fuljihalt^  muni  be  Kditinl  In  (h«'  f"TFiilpli»tf,  ami  thpn  the 
hut  wnUrr.  If  ihc  hot  wKtvr  is  luldt^l  first,  the  pcraulphate  ta  decomposed 
wmewhat  and  ttie  reaultfl  obtained  mil  be  low. 
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In  this  wav  it  is  foimd  that: 


N 


30  c.c.  fcrroiia  8ul]>hftte  snhition  require  T  c.c.  -rr;  KMnO,  PnIvil=on, 


in 


K  ,., 


30  C.C.  feiToiiB  Hulphate+ogm.  pemiilijhato  rpquire  (  c.c.  ttt  KMaO| 

Bolutiot). 

Consequently  a  gm.  of  persulphate  correspond  (o  t^-0  c.c. 

^  KMnO,. 

In  the  rase  of  thft  potaRsiiim  salt,  since  1000  c.c.  N,  KMnO, 

N 
=  135.2  gms.  K2-SOft,  and  1  c.c.  j- KMnO,  =  0.01353  gm.  KaSaOfe, 

we  have;    CjT— /)  XO.01352  gm.  K2S2OS  in  a  gm.  of  Iht  cotumer- 
oiol  salt,  or  in  per  cent.: 

a;(7'-()O.OI352=100:x 

«« =per  cent.  KjSjOr. 


P 


With  the  ammonium  salt  the  factor  becomes  0.01141  instead  of 
0.01352. 

Thf  fpTTOiLS  siilphatr  necessary  for  this  (IcterminBtion  Is  pre- 
pared by  roughly  weighing  out  30  gms-  of  rn,'stftlH7;ed  ferrous 
sulphate  (FcSO, +  71120),  dissolvinf;  it  in  flOO  c.c.  of  water, 
and  dihiting  to  1000  c.c.  with  pure  concentrated  sulphuric 
acid. 

Persulphotea  may  also  be  analyzed  very  aatisfactorily  ,by  moans 
of  oxalic  acid.*  When  a  .sulphuric  ficid  solution  of  a  persulphate 
IB  treated  with  oxiilic  Bci<i  alouc,  there  is  no  perceptihlc  reaction. 
On  abiding  n  small  amount  uf  silver  sulphate  at)  catalyzer,  however, 
a  lively  evolution  of  carhnii  dii>\ide  taki's  place,  and  at  the  water- 
bath  temperature  the  nmctiuu  iu  soon  cuiupleled. 

l!2S2O«+H2C204  =  2H2SO4+2C03. 
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The   excess  of  the  oxalic  acid  can  be  titrated  with  perman- 
ganate. 

Pntctdure. — About  0.5  gm.  of  the  persulphate  is  placed  in  a 
400-c.c.  Erlenmcyer  flask,  50e.c.  of  t^-nth-norn-iat  oxalic  acid  solu- 
tion, and  a  solution  of  0.2  gm.  silver  sulphate  in  20  c.c.  of  10  per 
cent,  sulphuric  acid  arc  added,  and  the  mixture  is  heated  on  th'S 
water  bath  until  the  cvohition  of  rarbon  dioxide  ceases;  this 
requires  not  more  than  15  or  20  minutes.  The  solution  is  then 
dilated  to  about  100  c.c.  with  water  al  about  40*  and  titrated  with 
tenth-normal  permanganate. 


14*  Determiaatlon  of  Hydrozylamine  (RascfaigV* 
1000  c.c.  N.  KMnO,- — l-iL_5il^„ie.52  gms.  NH,OH. 


Principle. — Hydroxylaminc  is  oxidized  in  hot  acid  solution  by 
means  of  ferric  salts  to  form  nitrous  oxide  and  an  equivalent 
amount  of  ferrous  salt: 


2NH20n+4Fe+ + +  + — '!Fe+ + +N2O+4H* +H20. 

The  amount  of  ferrous  salt  is  determined  by  titration  with 

-7^  potaK*ium  permanganate. 

Procedure.  —  About  0.1  gm.  of  the  hj'Hrnxyl amine  salt  is 
places!  in  a  500-c.c.  Ha-ik  and  dis.solvcd  in  a  little  water,  30  c.c. 
of  a  cold  saturated  solution  of  ferric-ammo ni  11  m  uhim  ore 
added,  and  10  e.e.  of  dilute  sulphuric  aeid  (1  :  4).  The  con- 
tents of  tlic  tJaAk  arc  heated  to  buihng  and  kept  at  tiiia  tem- 
perature for  five  minutes,  after  which  the  solution  is  diluted 

*  Ana.  d.  Cbem.  unci  I'harui.,  841,  318. 
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with  distilled  water  tea  voluracof  aboutri(K)c.c.  and  immediately 
titrated  witJi  permanganate  solution. 

Remark. — If  only  slightly  more  than  the  theoretical  amount 
of  the  ferric  salt  is  added,  the  oxidation  of  the  hy(ir'f)xylamine 
does  not  take  place  entirely  in  accordance  with  the  above  equa- 
tion, but  part  of  the  subHtance  is  oxidized  to  nitnc  oxide: 

2NH^OH+6Fo++^-  -»6Fe+  ++2NO+6H+, 

BO  that  it  is  then  impoiuiblc  to  obtain  exact  results. 

15.  Determination  of  Hydroferrocyanic  Acid  (de  Haen).* 

1000  c.c.  N.  KMnO.-l  mol.  K,F«CCN)t -308.3  giiis.  K.FpCON),. 

Principle. ^By  oxidation  in  acid  solution,  hydro ferricyanic 
acid  is  formed  from  hydroferrocyanic  acid: 

5H,[Fe(CN}«i+MnO;-|-3H+-»5H3lFcCCN)5l+Mn*  +  -|- 41120. 

This  procedure  is  cliiefly  used  for  the  analyBis  of  potasdum 
fcrrocyanide  (yeiliiw  pruesuate  af  potanh),  so  tliat  the  concentra- 
tion of  the  peniianganato  solution  is  expressed  in  tenim  cf  thia 
salt. 

Procedure. — 0.9  gm.  of  the  salt  to  be  analyzed  is  dissolved  in 
100  c.c.  of  water,  10  c.c.  of  dilute  sulphuric  acid  are  addal,  and 
tliis  solution  is  titrateii  in  a  porcelain  dish  with  [K:nniitiganate 
Until  a  [leimanent  pink  color  is  obtained.  It  is  not  eimy 
to  deteniune  the  eJid-polnt.  On  acidifying,  the  solution  of  the 
ferrocyanide  becomes  milky  with  a  bluish  tinge,  and  on  the  addi- 
tion of  permanganate  at  first  a  yellow  shade  is  obtained,  aftcr- 
wanls  becoming  green,  and  finally  uii  tlie  addition  of  more  perman- 
ganate the  color  changes  to  pink.  On  accoimt  of  the  difficulty 
in  determining  this  point,  de  Haen  recommends  that  the  perman- 
ganate be  standanlized  against  pure  potasaiiinj  ferrocyanide  solu- 
tion (K,Fe(Ci\),+  3IL<i)- 

•  Aon.  d.  CivsnL  uad  Pbum.,  90,  p.  160. 
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z6.  Determination  of  Hydro  ferricyanlc  AciiS. 

1000  c.c,  X.  KMnO.-l  mol.  K,Ff(CN),-aJU.2  gma.  K,Fe(CN)^ 

Principle. — The  potassium  fcrricyanide  is  reduced  in  ulkaljne 
solution  to  potasBium  fenDcyatiido,  and  the  lutter  is  litraled  witli 
permHiij^aimtc. 

Fracedure. — In  a  300-c.c.  flask,  6.0  gins,  of  the  fetricyanide  are 
dissolved  in  water,  the  solution  made  alkaline  with  ptit^saiunk 
hydroxide,  heated  to  boiling,  and  an  excess  of  a  concentrated 
ferrous  sulphate  solutititi  is  ndde<i.  At  fimt  yellowish- brown 
ferric  hydmxide  is  precipitat«l,  later  black  ferroua-ferric  hydrtix- 
i  ie  is  fonnc<l,  and  this  shows  the  completion  of  the  reaction. 
After  cooling,  the  contents  of  the  flask  are  dilutetl  witli  water  up 
to  the  mark,  filtered  through  a  dry  filter  {after  thoroughly  mix- 
ing) ,  and  50  c.c.  of  the  filtrate  *  ( =  1  gm.  of  the  substance)  arc  taken 

N 
for  the  titration  with  —  KMnO^  soIutiOD. 


* 

W- 


17.  Det«nnuiation  oi  Chloric  Acid. 

Rao. 


lOOOccN.  KMnO,-- 


6 


,      \  20.44  ems.  KCtO, 
"  1  17.74      "    N»aO, 


About  5  pns,  of  potassium  chlorate,  or  4  pns.  of  the  Bodium 
salt,  arc  dissolved  in  water,  and  the  solution  diluted  to  1  liter. 
After  thoroughly  mixing,  10  c.c.  are  placed  in  a  flask  fitted  with  a 
Buanon  valve  and  the  air  expelled  from  the  flask  by  a  current 
of  carbon  dioxide.  After  this  60  c.c.  of  a  freshly-fltandartlixed 
solution  of  ferrous  sulphate  (prepared  as  described  on  p.  G30) 
are  otMccl,  and  the  solution  boiled  ten  minutes.  The  following 
neaction  takes  place: 

KC10,+  6KeSO.+  3H^0,  -  KQ  -(-  3  Fe,CS()  J,+  3H,0. 

After  cooling  the  solution  a  diluted  with  cold  distilled  water, 
10  c.c.  of  manganous  sulphate  solution  arc  added  (rf.  p.  607), 
and  (he  excess  of  the  ferrous  sulphate  is  titmtetl  with  jwtBBsium 
pemiangmuitc.     Wc  find  that: 

*Tlui  OtBt  tea  or  fifteen  cubic  cealimcteni  of  tlu>  Gltcuie  sliould  t>* 
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SO  c.c.  ferrous Hulpliatc required  Tec.  j^  KMiiOjSoL 


50  c.c. 


"  +  10  c.c.  chlorate  8ol.  " 


I  c.c.  ^ 


(I  N 

10  c.c.  chloratcsolution=  -—  gin.  substance=(7'— Occ-rrrKMnO/* 

For  tho  analysis  of  putasslum  chlorate  a  gm.  of  the  substance 
contain  (jT— 0X0.2044  gm.  KCIO,,  and  the  per  cent,  present  » 

^^ =  per  cent. 

The  calculfttion  for  Bodium  chlorate  is  analogous. 
i8.  Determioation  of  Nitric  Acid  (Pelouze-Fresenius). 


1000  tc.  N  KMnO.- 


RN<1, 


guiB.  H.S'O, 
"     NftNO, 
"     KNO. 


This  meUim)  rlei>en(la  upon  the  fact  that  on  heating  a  nltratp 
in  the  presence  of  consitlerable  hyilmchloric  acid  and  ferrous 
chloride  the  latter  is  oxidizeil  to  ferric  chloride  and  the  nitric  aci<I 
is  reduced  to  nitric  oxide: 

2K.NO,+  8Ft<;i,+8HCl  =  2KCH"2NO+4iI,()+0reCl,. 

As  a  measure  fur  the  amount  of  nitrate  reduced  we  have: 

1.  The  excess  of  ferrous  salt. 

2.  The  ferric  salt  produced. 

3.  The  nitric  oxide  formwi. 

The  method  of  Schlosiiig-Grandeau  dcBcribecH  on  p.  450  iu 
baaed  upon  the  measurement  of  the  nitric  oxide  formed.  C.  D. 
ilraun  *  estimates  the  amount  of  ferric  salt  fomietl,  while  Pelouze 
and  Freet'nius  de1«nnine  the  amount  of  ferrttus  salt  not  used  up 
in  the  reduction  of  the  nitric  acid. 

ProceduTC. — A  weighed  amount  of  iron  wire  (about  1.5  gms.) 
is  placed  in  a  lung-necked  flask,  and  the  air  expelled  by  parting 
a  current  of  jiure  carbon  dioxide  through  it  for  two  or  three 
minuteB.  After  this  30  to  40  c.c.  of  pure,  concentrated  hydro- 
chloric acid  are  a<ld»l  and  the  Bask  is  placed  in  an  inclined  posi- 
tion and  closed  by  niwma  of  a  rubber  stopper  through  which 
tubca  pass  so  that  a  current  of  carbon  dioxide  can  bo  conducted 

•  Journ.  f.  pmkt.  Chcm.,  81  (18G0),  p.  42i. 
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through  the  flask.  The  solution  is  heated  on  the  water-bath 
in  this  nimosphcre  of  carbon  dioxide  until  the  iron  has  com- 
plptfly  dissolved,  when  the  aohitinn  is  allowed  Xr,  cool  in  a  cur- 
rent of  the  gaa.  Meanwhile  about  0.2.')  tn  0.3  Rm.  of  the  nitrate 
is  weighed  out  in  a  small  glass  tube  closed  at  nne  end;  this  is 
thrown  into  the  acid  solution  of  tlic  ferrous  sulphate  and  the  flask 
quickly  closed  again.  The  flask  is  then  once  more  plapod  in  its 
inclined  position  upon  the  water-both  and  heated  for  fiFtoen 
minutes,  while  the  current  of  carbon  dioxide  \s  continually 
passed  through  it.  The  tube  through  which  the  gas  leaves 
the  flask,  during  the  whole  operation,  dips  into  a  beaker  filled 
with  water  so  that  there  is  no  chance  of  any  air  getting  l>ack  into 
the  flask.  After  tliis  the  solution  is  heated  to  boiling  and  kept 
there  until  its  dark  color  disappeare  and  the  yellow  color  of  the 
ferric  chloride  becomes  apparent.  In  order  to  make  sure  that  the 
nitric  oxide  is  entirely  removed,  the  contents  of  the  flask  are  boiled 
five  minutes  longer  and  then  allowed  to  cool  in  the  atmosphere 
of  carbon  dioxide.  When  cold  the  solution  is  poured  into  a 
beaker,  the  flask  washed  out  with  a  little  boiled  water,  the  solu- 
tion is  diluted  to  a  volume  of  about  400  to  500  c.c,  10  c.c.  of 
manganese  sulphate  solution  are  added,  and  the  uaoxidiied  iron 

N 
is  titrated  with  —  KMnO,  solution. 

The  amount  of  pure  iron  present  in  the  wire  used  is  deter- 
mined under  the  same  conditions  as  prevailed  during  the  pre- 
vious operation,  using  a  smaller  portion  of  wire  but  the  same 
amount  of  acid,  manganese  sulphate,  etc. 

The  calculiitioQ  is  as  fuUowK: 

If  a  gm.  of  potassium  nitrate  and  p  gm.  of  the  wire  were  taken  for 

N 
the  analy^,  (  c.c.  of  -^  KMnO^  were  re<i,uired  to  oxidize  the  excess 

N 
of  iron,  and  further  p  gm.  of  the  wire  require  T  c.c.  of  ^  KMnOj 

solution,  we  have,  then: 


N 


pgm  iron. 


require  T  c.c.  -^  KMnO^  solution 


pgm.  iron  -|~ngm.  saltpeter. 


N 
t  c.c.  -=  KMnO, 


and  Q  gm.  saltjictcr 


(T-Oc-C.^KMnO^ 
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BO  ttat  a  gm.  of  saltpeter  contam  (7—0X0.01685  gm.  KNO3, 


and  in  per  cent. 


(T- OX  1.685 


'per  cent.  KKO,.* 


Remark. — This  method  gives  results  jiist  as  accurate  as  those 
obtained  by  the  meth(j<.l  of  Devarda,  but  the  latter  determination 
is  much  easier  tu  earn-  uui. 

The  detemiiiiation  becomes  simpler  if  the  contents  of  the 
iron  wire  is  assuiin.*il  to  he.  99.7  per  cent.  Ke  and  the  second  titra- 
tion thus  done  uwuy  with.  It  does  not  take  long  to  make  Uie 
BQalysifi  ol  tlie  wire,  however,  and  it  is  advisable  to  do  it.  Instead 
of  titrating  tlie  excess  of  the  ferrous  salt  with  potassium  [wniiac- 
gauate  sulutiuu,  a  solution  of  putas.sium  dichromute  may  be  used. 
For  the  dclenuiuation  of  the  fenic  salt  formed,  cf.  p.  6&1. 

19.  Determination  of  Vanadium. 


,«~,        N  ,„,   „      V,0,     182.4 


.9.12  gm*.  V,Oy 


10  *       20         20 

Stilphur  dioxide  is  conducted  intfl  the  boiling  solution  of  an 
alkali  vanadate  containing  sulphuric  acid  until  the  sohitJon 
appears  a.  pure  blue;  by  this  means  the  vanadic  acid  is  reduced 
to  vanadyl  salt: 

VA+SO,=SO,+  VA. 

The  boiEng  is  continued  and  a  current  of  carl)on  dioxide  is 
passefl  tlirough  the  solution  until  the  escaping  gas  nill  no  longer 
decolorize  a  solution  of  potassium  ])em]anganato,  showing  that 
the  excess  of  the  sulphur  dioxide  has  been  rxjwllcd.  Tho  hot 
solution  is  then  titrated  with  potassium  permanganate  until  a 
permanent  pink  color  is  obtained.  The  end-point  is  cosily  recog- 
nized only  when  the  solution  is  hot.  Tliis  accurate  determina- 
tion is  used  for  tlie  analysis  of  vanadium  in  iron  and  steel,  or  in 
ores.    (a.  p.  310.) 

*  or  course  the  calculation  con  b«  m&dc  from  Uie  amount  of  iioa  tad* 

iz«(L     In  that  case: 

Fo;lKNO,-(p-(x0.02793)  :* 

CP-(X0.027!W)-K.\0, 


*- 


3Fe 


gms.  KMO,  in  a  gm-  of  suhstanoe, 


and  In  per  cent. 


lQ0(p-IX0.Q2rM>KNO, 
3Fe-a 


^per  cent  KNO|. 
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30.  Blair  Method  for  Detennining  Phosphorus  in  Iron  aad  Steel.* 

N  /' 

1000  c.c.  -:KMnO,  =  £— =  U,U8S5gni.  P. 

Principle.— Tho   substnnce   is   dissolved  in   nitric   acid,   all 

carbonacpous  matter  is  de-stroyed  by  the  action  of  strong  pcr- 
mangaaatc   solution,    any    precipitated   manganese    dioxide   is 


^ 


retttsBsolved,  and  the  phosphorus  is  precipitated  in  slightly  acid 
Boluiton  08  ammnnium  phoRphomolyhdatc.  The  precipitate  is 
diasolved  in  ammonia,  the  solution  acidified  irith  sulphuric  acid 


*  Atulrpw  BUir,    Tfae  CbeminU  Analyaa  of  Iroo, 
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and  the  molylxlcnum  reduced  hy  mt^ans  of  a  so-ralVd  Jones 
redudor.  Tho  reduced  solution  U  titnited  wilh  pcrniiin- 
gonate. 

The  Jonra  rcdiictnr  (Fig.  91)  is  mado  by  placing  a  platinum 
spiral  (or  glass  beads)  in  Iho  bottom  of  a  glass-stoppered  tube 
which  is  30  cm.  long  and  has  an  in.«»ide  diameter  of  IS  mm.  Upon 
the  spiral,  or  beads,  is  placed  a  plug  of  glass  wool  and  then  a  thin 
layer  of  asbestos  such  a.s  w  used  for  Gooch  eruciblM.  The  tube  is 
then  filled  with  amalgamated  zinc  to  within  5  cm.  of  the  top. 
This  zinc  can  be  prepared  by  taking  some  20-  to  30-mesh  line, 
cleaning  it  with  a  little  hydrochloric  acid,  and  adding  mereunc 
chloride  until  hydrogen  ceases  to  be  evolved.  In  this  condition 
the  zinc  Ls  scarcely  acted  upon  at  all  by  hydrochloric  acid,  but  is 
capable  of  reducing  an  iron  or  molybdenum  solution  just  as 
effectively  as  if  it  were  not  amalgamated.  On  top  of  the  column 
of  zinc  is  placed  a  little  glass  wool  to  serve  as  filter. 

pTocedure.^X  2  gm.-samplc  is  taken  in  the  case  of  steels  and 
1  gm.  in  the  case  of  cast  irons.  The  metal  is  weighed  into  a  250- 
c.c.  Erlcnmeycr  flask  and  dissolved  in  100  c.c.  of  nitric  acid  (sp.  gr. 
1.13}  which  is  prepared  by  mixing  one  volume  of  nitric  acid 
(sp.  gr.  1.42)  with  3  volumeu  of  water  and  then  testing  the  gravity. 
A  small  fumiel  is  placed  in  the  neck  of  the  Oask  and  the  solutioo 
facatud  until  all  ihv  iron  has  dissolved  and  the  nitrous  fumes 
expelled.  Ten  c.c.  of  strung  permanganate  solution  (15  gmis.  to 
the  liter)  are  added  and  the  boiling  continued  until  the  pink  color 
of  the  permanganate  disappears.  The  slight  precipitate  of 
manganese  dioxide  is  dissolved  by  the  addition  of  a  little  sodium 
aulphite  solution.  After  filtering,  -10  c.c.  of  ammonia  (sp-  gr. 
O.fiC)  are  added,  the  solution  is  brought  to  a  temperature  of  about 
40*  and  treated  with  40  c.c.  of  a  freshly -prepared  solution  of 
ammonium    molybdatc.*     The   Oask    is    then   closed    with   a 


*  100  inns,  of  pure  molybdic  acid  (MnOi)  Is  Rtirred  into  400  e.C.  of  cold 
(ii)4tilIi»J  water,  anil  SO  c.c.  of  coDcentratc*!  nnununia  aildeil.  The  solution  ts 
fillercd,  und  llm  filtniti?  aluwly  pyureil,  with  ponglaut  xtirhrift.  into  a  solution 
of  400  CO.  nitric  acid  (sp,  gr.  \A'i)  in  600  c.c.  of  water,  .\fter  the  odditioo 
of  0,06  Km.  of  microcoaniio  salt,  the  soluUoa  ia  allowed  to  staod  24  boun 
and  JB  then  filtered. 
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soIM  nibbcr  stopper  ami  shaken  vigorously  for  6ve  minutes.* 
After  allowing  iho  precipitate  to  siettle  for  a  few  minutes,  it  is 
filtered  and  washed  promptly  with  acid  ammonium  sulphate 
solution  (1000  r,r.  water,  25  c.r.  concentrated  H^SO*,  and  15  c.c. 
tttrong  ammonia),  imtil  the  washings  give  no  test  for  molybdenum 
when  treated  with  a  <lrop  of  yellow  ammonium  sulphide  solution. 
The  color  obtained  is  compared  with  a  similar  amount  of  the  wash 
water  it«eU  which  has  been  treated  with  the  same  ammonium 
sulphide. 

The  ammonium  phosphomolybdatc  preeipitate  is  dissolved 
in  a  mixture  of  5  c.c.  concentrated  ammonia  (sp.  gr.  O.Wl)  and  20 
C.C.  of  water,  the  filter  washed  with  water  an<l  the  filtrate  treated 
with  10  c.c.  of  concentrated  sulphuric  acid.  It  is  then  run  through 
the  Jones  reductor.  A  blank  is  run  with  the  re<liictor  before  each 
series  of  determinations,  using  the  same  quantity  of  reagents. 
After  n  redactor  has  stoo<i  for  .^ome  time,  it  shouM  he  well 
waitbed  with  dilute  sulphuric  acid,  l>efore  even  ninninfi;  li  blank  tetnt. 

In  making  blanks  and  in  all  determinations,  the  procedure  is 
as  follows:  100  c.c.  of  dilute  sulphuric  acid  (25  c.c.  concentrated 
acid  to  1  liter  of  water)  are  run  intv  the  funnel,  B,  and  the  stop- 
cock C  is  opened,  using  a  little  suction.  When  only  a  little  of  the 
dilute  acid  remains  in  the  furmel,  the  hoi  solution  to  be  reduce<l  is 
added  and  when  this  has  nearly  passed  out  of  the  funnel,  it  a 
followed  by  250  c.c.  of  hot  dilute  sulphuric  acid,  washing  out  the 
ori^al  beaker  with  this  acid  and  adding  it  in  stnall  portions. 
Finally  100  c.c.  of  water  arc  passed  through  the  reductor.  At  no 
time,  however,  should  any  air  be  allowed  to  enter,  as  it  forms 
bydrogco  peroxide  and  vitiate*  the  result. 

The  reduced  solution  is  titrated  with  tenth-normal  per- 
manganate. 

The  ammonium  phunphomolybdate  precipitate,  (VH^)^?©^* 
I2M0O3,  contains  12  molfruli's  of  HtiCt^  t«»  1  atom  of  phosphorus. 
Although  zinc  reduces  MoOsto  Mo^Oa,  there  is  a  slight  oxidation 
by  the  air  in  the  flnsk,  wr  thai  corrt.Tt  results  arc  obtained  by 
assuming  a  rcductiun  to  M<>]4')»7  ond  sulMcqucnt  oxidation  by  the 
permanganate  to  UoOa  sgiun.  Therefore  during  the  titration 
the  foUowinf  reaction  takes  pUo*: 

*  A  dilTercnt  mctlKKl  tor  praripltatiiig  pbosphonis  is  gtvoi  in  Appoidix  L 


i 
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Moa(037 + 350 -34MoO« 


lP=12Mo09-35H. 

To  illustrate  the  computation,  let  it  be  assumed  that  the 
ammonium  pbosphomolybJatc  precipitate  from  2  gms.  of  a  sample 
of  stfc'l  requires  by  the  above  method  12  c.c.  of  permangaaato 
solution,  of  which  1  c.c.  =  0.00392  gm.  Fe.  The  blank  ou  Iho 
reductor  was  O.IS  c.c.  The  phosphorus  present  In  the  steel  is 
then: 


(12-O.lS)  X 0.00392 XPX 100 

'  a51''eX2 


■■  per  cent,  phofiphorua. 


Remarks. — The  Jones  reductor  Diay  he  used  to  advantage  for 
reducing  sulphuric  acid  iron  solutions  which  are  to  be  titrated 
with  permarifranAtc.  The  blank  experiment  must  alwaj'B  be 
made,  as  the  zinc  invariably  contains  a  little  iron.  If  in  the  above 
determination  the  reductor  tube  is  prolonged  so  thai  it  reaches 
nearly  to  the  bottom  of  the  flaak,  and  dips  into  50  e.c.  of  ferric 
alum  solution  (100  pms.  ferric  alum,  25  c.c.  couccntrated  H2SO4, 
1000  c.c.  water  and  40  c.c.  glacial  IlaPOj)  the  molybdenum  comes 
in  contact  with  this  solution  wlu.e  it  is  entirely  reduced  to  the  tri- 
valcnt  condition.  The  feme  alum  at  once  oxidizes  the  molyb- 
denum to  the  hexavaJent  contUlion,  and  an  equivalent  amount  of 
iron  is  reduced  to  the  ferroua  condition.  The  titration  with  per- 
manganntc  can  then  be  carried  out,  and  in  the  computation  Ibo 
molecular  weight  of  McaOj  is  used  instead  of  MoajO;!?  as  above 
and  1P  =  ;J0H.  The  blank  determination  should  be  carried  out 
with  the  ferric  alum  solution  in  the  Bask. 

Concordant  results  can  be  obtained  by  both  methods^  but  the 
latter  has  the  advantage  that,  there  is  nn  danger  of  some  of  the 
molybdenum  being  oxidized  while  shaking  the  flaak  during  the 
titration. 

In  the  case  of  steels  containing  tungstoji  and  vanadium,  the 
phosphorus  may  lie  left  In  the  residue  insoluble  in  nitric  acid. 


POTASSIUM  DiCHROMATE  METHODS,  64Z 

B.  Potassium  Dicliromate  Methods. 

Deierminaiion  0}  Iron  acearding  to  the  Method  of  Petmjf. 

1000 e^  N.  K,Cr,0,-l  gm.-»t.  Fc-SS-SSgnia  F«. 

Prinnplf.^f  a  solutinn  of  a  ferrotis  salt,  In  either hytlmchlorio 
or  sulphuric  acifi,  is  trcatcfi  with  an  alkali  chroniate  solution,  the 
chroroate  is  at  once  reduced  in  the  cold  and  the  ferrous  salt  if 
oxidized  quantitatively: 

K,Cr,0,+  6FoSO,+  SU^,  -2KHSO,4- 

+  Cr,(SOJ,+  3Fe,(S0  J,+  7H^ 
or 

K/>,0,+6FeCl,+  14HC1 -2KCI+  2CiCl,+  0FeCI,+  7H,0. 

On  account  of  the  formation  of  the  i-hroimc  sail  the  snlutdoD 
becomes  cmcrald-grecn  in  color. 

The  end-point  of  the  reaction  la  determinM  by  removinf^  a 
drop  of  the  Bolution  and  testing  it  'nith  a  freshly-prepared  dilu- 
tion of  potasHium  fcmcyanitle;  if  no  blue  coloration  ia  formodi 
the  fcrmus  salt  has  been  completely  oxidized. 

The  TTT  potasium  dichromatc  solution  necessary  for  tlua  titra- 
tion may  be  prepared  by  diatohiog  -  -J- -^=4.103  gms.  of  the 

salt,  purified  as  described  on  p.  36j  and  dried  at  130°  C.  It  ifl  not 
advisable  to  remove  the  last  traces  of  moisture  1^  melting 
the  salt,  for,  either  by  overheating  or  by  means  of  the  dust  of  the 
air,  there  is  some  reduction  of  the  cliromalc,  so  that  subsequently 
a  turbid  solution  n-ill  be  obtained,  containing  small  amounts  of 
suspended  Cy,0^ 

Method  of  Titrtttion. — To  the  acid  solution  of  the  ferrous  salt 
contained  in  a  beaker  (irith  about  0.1  to  0.15  gm.  iron  in  each 

100  c.c.)  the  solution  of  ^  K,Cr,0,  is  added,  preferably  from  a 

glasft-stoppered  btirrtte. 

From  time  to  time  a  drop  of  the  ccolntion  in  removed  on  the  end 
of  a  glass  stirrinf;-rod  to  a  uhite  porcelain  plate,  and  placed  berida 
a  drop  of  a  not  more  than  2  i>er  cent,  aolulion  of  potassium  ferri- 
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cyanide.*  By  means  of  a  stirring-rod  one  solution  i«  made  to  nin 
into  the  other.  If  considerable  ferrous  salt  remains  in  the  solu- 
tion, the  blue  color  will  be  formed  immediately,  but  in  pnipi-r- 
tion  as  the  ferrous  salt  is  replaced  by  ferric  salt,  a  bluish-gnxai 
color  ia  obtained,  perceptible  at  the  junction  of  the  two  solutions. 
As  soon  OS  DO  more  bluish-green  coloration  is  to  be  dctoctt-U  tlie 
Traction  ia  complete.  In  all  cases  the  anah'sis  is  made  in  dupli- 
cate, and,  other  things  being  ec{ual,  the  second  determination 
should  be  the  more  accurate.  This  time  it  is  possible  to  add 
almost  the  whole  of  the  required  amoujit  of  bichromate  at  once, 
and  for  the  testing  not  more  tlian  two  or  three  drops  of  the  dilute 
solution  of  ferrous  salt.  The  loss  of  ferrous  solution  will  then  be 
inappreciable. 

Remark.— T\\e  dichromate  method  is  slightly  less  accurate 
than  the  permanganate  methctd,  but  it  poB.«eKses  the  advantage 
tliat  a  solution  of  a  ferrous  salt  containing  hydruchlnric  acid  can 
be  titrated  without  the  addition  of  manganese  sulphate,  even 
when  the  solution  is  turbid  with  sus])eiidei[  uisoluble  salts,  fibres 
of  filter-paper,  etc.  In  turbi^i  solutions  it  is  dilHcult  to  recognize 
the  permanganate  end-point.  A  further  advantage  lies  in  the 
fact  that  the  normal  dichrornate  solution  can  be  readily  pre- 
pared by  simply  weighing  out  the  rcciuiretl  amount  of  the  pure, 
dr}'  suit,  and  diluting  the  atjuerjus  dilution  lo  a  volume  of  1  liler. 
It  is  then  unuece«sary  to  test  the  coticentration  in  any  i>ther  way. 

Detenninatton  of  Manganese  in  Iron  and  Steel.    Method  of 

J.  Pattinson.t 

Principle. — If  a  solution  containing  iron,  manganese,  and 
calcium  saltw  \a  trealed  with  "chloride  of  lime"  solution  and 
calcium  carbonak*.  all  of  tlie  iron  and  manganese  are  precipita.t.ed, 
the  latter  in  the  form  of  its  hydrated  dioxide.  The  whole  pre- 
cipitate is  ilIsHolved  in  an  acid  ferrous  sulphate  solution  of  known 
strength,  and  the  e.\coB8  of  the  latter  is  titrated  with  diehromate 
snlutifui ; 

•  The  potasnuDi  ferriryaatcle  iniwt  !»  absolutely  free  from  ferrocyanjde; 
and  tui  ilic  forinor  \s  if.-iJily  rrdutvil  )iy  Uie  duat  of  the  air,  the  surface  of 
the  aall  should  Iw  wiifllnvl  off  several  limes  with  wuter  Ixtfore  dissolving  ib 
for  the  test  HolutiuD. 

t  Jourii.  yf  the  ClwMij.  8(W.  (1879),  p.  385. 


lfaOr+2Fe**+4H+— Mii**+aF»*+*+2tt8a 
1000 te. N. K,<.>A- >F»- ^" -^y^ -«.«  «"v»  Mil 

Pneedmrr. — S  gnw.  of  the  mm  or  atwl  (or  I  Rm  tif  f^m>itt«i\x*' 
Dew)  are  dissolved  in  hydtvchk^nc  Atul,  tliv  M>lulii>u  »At«l)»wt  wiUt 
nitric  add,  evaporated  to  «  stnaU  vtthjme,  iM^uroil  Ui  M  lUH-o* 
measuring-flask,  and  dilut«d  up  tu  Urn  nmrk  \\\\]i  nuWr.  Aftvr 
thorou^iy  mixing,  20  c.c.  of  Iho  tuolutiini  nn<  plmnnl  lu  a  kr||« 
beaker  (of  about  1  liter  cA|>acity}  wiJ  iteutruUatH)  with  |nir«  ral- 
ctum  carbcpiiate.  I1ie  carUmnto  in  HtlJ<Hl  in  niiinll  )>orltonii  iiiilll 
the  solution  finally  bccoinvs  a  dark  br\>\vn  but  bIIM  rviitiiliM  v\vM. 
After  tliis  50  c.o.  of  "ch'oride  at  Lino"  wiltitiou*  nni  Aililw),  ami 
more  vuk-itiuk  carhonsite  with  conittaiit  tttirrliiK  tllitll  llimlly  tt  tiltlii 
of  llie  latter  remains  uniliKSulved.  To  (In*  nlitiiy  cimMihIa  uf  tliu 
beaker  700  c.c.  uf  hot  wutur  am  addinli,  and  ttt\vt  aliniiiK,  l)i»  l|t> 
soluble  n-sidue  i;*  allowi-d  to  wllli',  whirli  rMiilinw  bid  (wn  or  lliivii 
minutes.  If  the  HUjicnmLant  li<|iiiil  in  vKjIi't,  nit  arfount  of  lltii ' 
foimation  of  cak-ium  peniianKaniitn,  onct  or  twn  dni|«  u(  a|pi^ 
bol  arc  added,  the  li<|ijid  iMtiliil,  ttncl  llio  |irpri|)l1nbi  H((ttlM  iillowml 
t4)  Kottlo;  in  thiK  cuho  the  iipiwr  liijuid  iihoHid  Ih*  nolnrltiaa.  If,  |Mfr- 
cliancc,  it  tdinuld  Im;  tttill  rotomd,  tlin  tnwtineiil  will)  iltn  Hliitilcil 
must  Ixr  Tv-peutod.  Tlir>  rAvar  wdiltloii  In  lh«ri  dciniritM)!  tlirmigll 
a  filter  which  in  plaetvl  in  n  fiiriiiid  i-nnltilnlnK  n  idnllfHtin  roiuj  ami 
conneeted  with  a  nietion  flajik.  Tim  |iri*<'l|/IUL4i  In  tUiuaiiliHl  wiUi 
30Q  c.c.  of  hot  water  four  lltni«,  Ihi-n  triih«fi'rn'd  Ot  Oiw  AlUr 
n-iiiiiMt  making  any  att/^npi  In  rwiwfvc  Ow  IimI  in'riimm  lA  Uw 
prmpitjite  fnnn  tbe  dt\t»  tA  ilui  lM*aknr,  aiMl  wmAmi  ivlUi  \\m 
aid  of  auetifm  untJI  Htf  fikfato  will  m  lo»«Mr  lUTO  lwd(Hri«/i4l 
pApcr  blue.  TV  i>rH'i|4Uiit  tfigHJuT  wilh  llw  (liter  la  tliM  |ilMi4 
in  the  Mijpnal  Xinka  in  wftuli  Ut«  prwIjitUU'/M  UaA  |H»««.  AM  v4, 
of  a  fraAly-^aiMtortbM  (Mtiwa  wHitwU  *rf4fttu«  tril^M  Ml' 
pburicacM  wiM^aM  ti*  It'jM^*  UiiUraa4  uadlHwyM^tilato 
hm  wtifdy  4iw>K«il.t  1»*1««  bu)>lw|  Um  Atbur-paiMf  luid  *gWM- 


Mr  at*' 

Y  If  «#   JIM  ■^111    A*«W  -Ao.   • 

rfa.l;toaM«tfWitf|b»U'..  -  >'»— * 
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cess  of  the  f'lrrous  nulphate  is  tttratui  with  potatisium  dichro- 
rimte  solufkm.  In  order  U>  cotiipeiisiite  any  error  that  may  arise 
from  the  [)reKence  of  \.\w  filter-paper,  an  e(|ually  birjif  liller  is 
placed  in  the  ferrous  siilpliat*  soluti^jii,  wlieii  it  Js  stsmlanii/xil. 

The  calculation  is  simple; 

Assume  that  a  gnis.  of  steel  are  dissolved  in  100  c.c.  of  th« 

solution  and  of  this  20  c.c.  i  ==-Bnw.  steel  1  were  token  for  th« 

analj-sis;  further,  50   c.c.   o£   ferrous   sulphate  solution  —  T  c.o. 

N  a 

^  ICjOjO,  and  50  e  c.  ferrous  sulphatc+^gnts-substancc^tco. 

ID  & 


— K2Cr207.  Conscqupnlrly-  pus.  substance  < 
11/  5 


■CT'-Oc.e.^KaCrzOr. 


Since  1000  c.c.  N.  KaCra'V  solution  =27.47  gms.  Mn,  then  1  c.c. 
^K2Cr207  will  correspond  to  ().(X)2747  gin.  Mn,  and  we  have 

(r-e)X0.002747  gm.  Mn  in  ?- pma.  sttd  and  in  percent. 


(r- MX  1.374 


'per  cent.  Mn. 


: 


J?«nurfc. — .\ccordinfi  to  tlip  author's  experience,  this  method 
ta  one  of  the  best  for  the  determination  of  manganese  in  iron  and 
BtoeL  As  regards  the  time  required,  four  determinations  can  he 
carried  out  together  within  four  hours.  It  Is  not  particularly 
suited  to  t!ie  analysis  of  alloys  rich  in  manganese. 

C.  lodimelry. 

The  fundamental  reaction  of  iodimctrj*  is  the  following; 
2Xa:iS203  +  la  -  2NaI  +  N'ajS^Oa. 

Tf  to  a  solution  containing  an  unknown  .imnunt  of  iodine  a 
little  starch  solution  is  added,  and  sodium  thiosulphate  solution 
18  run  in  from  a  burcHe,  the  blue  color  will  disappear  from  the 
solution  as  soon  as  tlie  iodine  has  all  been  reduced  to  hydriodio 
add  (sodium  iodide)  in  accordance  with  the  above  eqiuition.  This 
reaction  is  one  of  thf>  most  sensitive  reactions  used  in  analytical 
chcnustr>'.  If,  therefore,  a  sodium  thiosulphate  solution  of  known 
strength  is  at  hand,  we  have  a  means  of  determining  not  only  iodine 
itself,  but  all  of  those  substances  (oxidiKing  agents)  which  when 
treated  with  potassium  iodide  set  free  iodine,  or  evolve  chlprine 
when  acted  upon  by  hydrochloric  add.  Consequently,  iodimetric 
processes  are  not  onb'  accurate  but  capftldB  of  most  i^neru]  aupli- 
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cation.     For  most  analyses  a  y,;  sodium  thtosulphatc  solution  and 


10 


N   .     . 
a  YfZ  iodine  solution  arc  nxj^uircd,  and  staruli  solutiua  as  iiMiic»< 


10 


iV 


tor.    In  some  few  cases  -r^.  solutions  aro  tiseci. 


Preparation  of  Sodium  Thiosulphate  Solution. 

I^m  the  above  e*)uatiou  It  is  evident  that  1  gm.-at.  1  —  1  gm.- 
mol.  Na^O,=  l  gm.-at.  H.  Hence,  exactly  ^  gm.-mol.  of  crya- 
tallized  Bodium  Ujii)sul]>hat€  (Na^jOa+5H/))  must  be  taken  for  1 
liter  of  teiuli-numml  solution.  Such  a  solution,  howpvor,  would 
rapidly  cliaiijje  in  conceu  Ira  Lion,  some  of  the  salt  being  (icc'oniposed 
by  tibe  action  of  the  carbon  dioxide  in  the  distiUod  water: 

1.  Na^,0,-t-2HjCO,=-2NaH0O,-}-iVS,O„ 

2.  H^O,=U,SO,+  S, 

and  the  solution  would  become  slmnKer,  for  tlie  sulphurous  acid 
fomiod  reacts  witli  more  iodine  tliaii  the  corresj)onding  amount 
of  thiosulphate: 

.    HaSOa+l2+H30  =  2HI-|-H2S04. 

A^Ur  alt  the  carbimic  acid  in  the  distUUd  water  has  been  used  up, 
the  stilution  am  bt"  kept  }(rr  mnnths  without  stifJetiTnj  tin  appreciable 
change  in  amcf-ntration  {svv  ]).  049). 

A  large  amount  of  the  thiosul[ihato  Bolutinn  (about  6  liters) 
is  prepjired  by  roughly  weighing  out  the  required  amount  of  the 
commercial  salt  *  and  after  standing  for  from  eight  to  fourteen 
days,  the  solution  u  standardized  by  one  of  the  following methods. 

Standardization  of  Sodium  Thiosulphate  Solution. 

1.  With  Pure  Iodine. 

Commercial  iodine  is  contaminatxHl  with  chlorine,  bromine^ 
water,  and  sometimcH  cyanoRen:    it  must  l*e  |mrificd.     For  this 

•  The  molecular  wdglit  of  N«^,0,  +  5H,0  w  2*8.32.  To  pnpin  1  ]itw 
of  i^MilutioQ  24.S32  gma.  of  thu  sail  aro  ncceaaiy,  or,  in  rouod  aumlMn, 
35  gam.    For  6  titers.  126  ffns.  should  be  weighed  oak 
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purpose  5  or  6  gms.  of  tho  coinmercinl  product  are  ground  up 
with  2  gms.  potassium  iodide,  aud  any  chlorine  or  bromine 
present  forms  potassium  chloride  or  bromide,  setting  free  an 
equivalent  amount  of  ioiiine.  The  mixture  Ls  placed  in  a  dry 
casserole  (Fig.  92)'  which  rests  in  a  muffle.    Upon  the  casserole 

is  placed  a  flask  filled  with  cold  water. 
A  wire  gauze  is  placed  at  the  bottom 
of  the  muffle  and  a  Runsen  flame  be- 
ueath  this.  The  iodine  sublimes  rapidly 
and  collcct3  as  .a  cn,-stalline  crust  on 
the  bottom  of  the  Husk,  and  practically 
none  of  it  is  lost.  As  soon  as  the  evolu- 
tion of  violet  vapors  from  the  bottom 
of  the  casserole  has  practically  ceased, 
the  sublimation  is  complete.  The 
fbme  is  removed,  and  after  allowing  to 
cool,  the  flask  is  removed  'with  the 
iodine  atlhering  to  it.  In  order  to  ro 
move  the  latter,  a  current  of  cold  water 
is  conducted  through  the  tube  a  into 
the  flask  and  out  at  6.  This  causes  the 
g1a.S8  to  contract  somewhat  and  the  whole  of  the  iodine  crust  can 
be  removed  by  lightly  pushing  it  with  a  clean  glass  rod.  It  is 
caught  upon  a  watch-glass,  broken  up  into  large  pieces,  and  the 
sublimation  is  repeated  without  the  addition  of  pota»$ium  iodide 
at  as  low  a  temperature  as  possible;  in  this  way  a  product  free  from 
potassium  iodide  is  obtained.  The  iodine  thus  prepared  is  ground 
somewhat  in  an  agate  mortar  and  dried  in  a  desiccator  containing 
calcium  chloride.  If  dried  over  sulphuric  acid,  some  of  the  latter  is 
likely  to  be  present  in  the  iodine.  Furthermore,  the  cover  of  the 
desiccator  must  not  be  greased,  for  grease  is  attacked  Ijy  iodine 
vapors,  forming  hydriodic  acid,  which  might  cause  contamination. 
The  Weighifig  Out  of  the  lodinc^ln  each  of  two  or  three 
small  weighing-tubes  with  tightly-fitting  glass  stoppers  are  placed 
2  to  2|  gms.  of  pure  potassium  iodide  free  from  iodate  and  ^  c.o. 
of  water  (not  more);  the  tubes  are  stoppered  and  accurately 
weighed  by  the  method  of  swings.  The  tubes  arc  then  opened, 
0.4r-0.5  gm.  of  pure  iodine  is  added  to  each,  the  tubes  are  quickly 
"  Cf.  C.  K.  McCroeky,  J.  Am.  Cbem.  Soo.,  4»,  16M  (1918). 
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Stoppered  and  agiun  weighed:  the  difference  shows  the  amount 
of  iodine.  The  iodine  dissolves  aliiuwl  instantly  in  the  concent 
tr»ted  ptjtassiiim  iodide  solution.  One  of  the  ttibcs  is  then  placed 
in  the  ncrk  of  a  600-c.f.  r'>lenmeyer  flask  which  is  held  in  an 
indine*!  [msition  and  contains  200  c.c.  of  water  t'ld  about  1  gm. 
of  potassium  iodide.  The  tid»c  is  dmpped  to  the  bottom  of  the 
flask.  Iiiit  iiist  as  it  hci^ins  to  fall  the  stopper  is  removed  and  allowed 
to  follow  it.  In  this  way  there  Is  no  iodine  lost,  which  will  be 
tbe  caw  if  the  contents  of  a  tube  arc  washed  into  the  water.*  A 
solution  is  tliua  pTf>j)arci!  amtjii:ung  a  kiiown  amount  of  iodine 
and  to  it  the  sodiuni  ihiusnlphatc  fwilntton  to  be  standardized 
is  added  from  a  Mt>hr  Vnirctto  until  the  liquid  is  pale  yellow 
in  color.  Now,  2  or  3  cc.  of  starch  solution  are  added  and  the 
sfdution  carefully  titrated  until  it  becomes  colorless.  From  the 
mean  of  two  or  three  determinations,  the  strength  of  the  thio- 
^ulphate  solution  is  calculated.     For  example,  it  was  found  that 

(a)  0.5S30  gm.  iodine  retjuircd  fi0.07  c.c.  Na,S,0,  solution, 

or  1  C.C.-0.011661  gm.  iodine. 
'*       49.42  c.c.  Na,S,(>,  solution, 

or  1  c.c.-0.0U(>H3gm.  iodine. 

1  c.c.»U.011(j72gm.  iodine. 


(6)  0.5774gin.      " 
The  mean  value  is 


If  this  number  is  divided  Hy  the  amount  of  iodine  which  would 
be  contained  in  1  C.C.  of  normal  iodine  solution,  tlte  narmalUy 
of  the  sodium  ihiosidphatc  sohition  will  be  obtained.     Thus,  in 

this  case  tlie  solution  is  oTil2685"°^'^'^^  normal 

2.  With  PntiiMium  liiMtUc  (C.  Thon).^ 

If  a  solution  nf  potitssium  bliodate  is  added  to  a  solution  of 
pola>^Hium  i<j[]irle  containing  hydrr>chIoric  acid,  the  following 
reaction  lakes  place: 

KrOsH103-flOKI+llHCl=llKCl+6HiO+    61s. 

38U.U5  1523. 


'  Waffncr  fint  collril  ottcntion  to  this  Tut,  and  it  haa  been  confinocd  In 
the  nullior'H  lulK)nilur>'. 

tZeiVviv.  r.  anal.  Cheta.,  X\l  (1S77),  p  477. 
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If,  therefore,  3.2406  gmR.  (—- ^t^I  of  purepolassiumbiiodale 

are  contained  m  one  liter  of  the  aqueuus  soluUuu,  10  c.c.  of  such  a 
solution  on  being  lix'ated  with  an  excess  of  potaKiiim  iodide  and  hy- 
drochloric aci<l  will  set  free  exaclh'  ss  much  iodine  or  would  be  con- 


tained in  10  c.c.  of  ■—  iodine  solution. 


Bv  means  of  such  a  solution 


a  known  ammint  of  iodine  may  be  obtained  at  any  time  and  in 
this  way  the  sfvlutinn  of  fodhim  Ihinsulpliaternay  bcstandanlixed. 
At  present  it  is  possiblo  to  obtain  commercially  very  pure  po- 
tassium biiodate,  but  the  product  is  seldom  pure  enough  for  the 

It  is  Iwtter  to  prepare  a  Mlntion 


preparation  of  a  —  soUition. 


r 
f 


by  wcigiiiug  out  3.2490  gms.  fur  1  liter  and  determining  tli« 
concontratiou  accurately  by  titrating  it  apainst  a  solution  of 
thiosulphatc  which  has  been  freshly  standardized  against  pure 
iodine.  In  this  way  a  solution  ia  obtained  which  can  be  con- 
veniently useii  from  time  to  time  for  testing  the  concentration 
of  the  thiosulphate  solution. 

Method  of  Titrating. — One  or  two  Rrums  of  pure  potassium 
iwlide  arc  placed  in  a  beaker,  <lissolve<l  in  as  Utile  wator  as  pos-jible, 
and  to  this  5  c.c.  of  <i-uoniial  hydrochloric  acid,  and  then  20-^'o  c.c. 
of  the  biiinlatc  solution  are  added  (never  in  the  reverse  order), 
lodi.ie  is  liberated,  immudiate!y  and  quantitatively,  .\fter  dilut- 
ing with  about  200  c.c.  of  distilled  water,  tlie  iodine  is  titrated  as 
under  1. 

3.  WiUi  Polassium  Ptmianifanate  (VolhaTd)  • 
On  adding  potassinm  permanjiatiate  solution  to  an  .icid  boIu- 
tion  containing  jjfitassium  ioiiide,  the  pcrmangnnatc  is  reduced 
to  matiganous  salt,  while  an  otjuivalcnt  amount  of  bdine  is  mA 
free  frum  the  iodide: 

2KMn04+iaKr  +  16HCI=12KCl+2MnCla+8H20+5l2. 

If  an  accurately-etandardizcd  solution  of  potassium  pennangan- 

Ate  is  at  hnml.it  can,  therefore,  be  used  advantageously  for  the 

standardization  of  the  sodium  iliiosulphac  c  solution.  'I"he procedure 

is  tlie  same  aa  was  dcscribc<l  with  the  potassium  biiodate  solutiwi. 

*  AoD.  d.  Chem.  u.  l^arm,,  843,  p.  08. 
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4.  With  Potassium  DicJiromate. 

Similarly,  an  aciil  ftolutjon  of  potAsriium  i'>di(lo  (1 :  10)  will, 
in  th<?  loUl,  tmantitrttivBly  rwiiin^  chromic  acid  to  green  clirumic 
salt,  setting  free  aji  ec|ulvalpnt  amount  of  iodine."* 

K^r,0,+ OKI  +  1 4HC1  =  SKQ + 2Cra, + 7H,0 + 3Ia. 

By  weigliiiig  out  4.D03  gma.  of  pure,  dry  potaseiuin  dichro- 
matr  a  tfnili-nnrmiil  snUitirm  is  prppored  am]  a  monsiirerl  ,imout:t 
of  it  is  mhU-'l  to  the  acid  solution  containing  ahout  3  gm.i.  cf 
potassium  iodide  and  lO  c.c.  strong  hydrnrhloric  ncid.  In 
this  case,  howpver,  the  solution  is  dilnlt-l  with  .VlO-fion  r.c.  of 
water,  for  here  the  citlor  chanse  h  nut  inmi  blue  to  (vilm-Icss  hut 
from  Wue  to  li;;ht  green.t  With  too  cuncoi'.tmted  solutions  tht  end- 
pciat  is  indistinct,  so  that  a  considerable  dilution  b  necessary. 

Permanence  of    —  Sodium  Thiosulphate  Solutions. 

A  two-montha-old  Jtodium  thiosulphate  Eolutiou  was  stand- 
anlizod  againn  piire  iodine  in  Juno^  1SD9,  and  its  concentration 
found  to  be 

1  o.c.-0.011G72gm.  I. 

In  JTaroh,  1900,  or  ahout  riirht  months  later,  the  same  solution 
of  Uiio»ulphatc  was  again  standardized  and  found  to  be 

1  C.C. -0.011667. 
At  the  end  of  eight  months,  therefore,  the  concentration  of 

the  solution  wni^  pnirtirally  unrhangrd.  Frequently  the  addition 
of  ammonium  i-nrhnnate  is  rceommcndoi  in  order  to  ubltuu  a  mora 
pormaricr.t  solution;  it  has  tiic  oppouito  effect. 


Preparation  of  —  Iodine  Solution. 

Ther«  a  no  advantage  to  be  obtained  by  dissolving  the  theo- 
retical ani':unt  of  £\iblimed  iodine  in  a  definite  vohime  of  solution, 


1 


•  Till;  Holutiwn  ^!K>»ll.l  be  quite  ficiit  with  hydrochloric  aciil.  Tn  very  tliluM 
■uiphiuic  acid  (MJlutioiw  tlip  chromic  Mid  w  rwlucod  very  ilo-wly  it  nt  all. 

t  In  (ill  ilifsp  raethodastJirclnKilulionwftddwI  Coward  tba  end  of  the  reao* 
tioQ.    SIoo  p.  (H7. 


r 
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for  the  latter  cannot  be  kept  Ter>'  lr»ne  unchanged.  It  Li  mnre 
practicfll  to  prepare  llie  iodine  solution  by  placing  20- 2S  gm".  of 
pure  jioitassinm  iorlirle  in  a  liter  flask  di-'wilviiig  it  in  as  little  vmXvt 
as  possible  and  then  adding  aliont  12,7  pni.s.  of  commercial  imiine, 
weighed  out  roughly  on  a  wattK-glass.  The  contents  of  the  flask 
are  shaken  until  the  indine  is  iiU  dissolved.  When  this  is  accom- 
plished, the  solution  i.s  diluted  ii])  to  the  mark  with  water  and 
atandardiieU  according  to  one  of  the  followinj;  met-hods. 

V 
1.  TI'i/A  ~  5od:'um  Thiosulphatr  Solution. 

Of  the  thoroughly  mixed   iodine  soliilion,  25  c.e.  are  titrat/<l 

with  the  standard  sodium  thiosulphaU>  solution. 

N 
If  25  C.C.  of  iodine  solution  reqxiire  25.16  c.c.  of  — Na^SjO, 

N 
solution,  I  o.c.  of  the  fomier=1.00G4  c.c.  of  y^  solution,  or,  iti 

other  words,  the  mlution  is  0.I00G4  normal. 

N 
3.  With  —  Aratmiowi  Acid. 

If  iodine  ia  allowed  to  act  upon  a  solution  of  arseaious  acid 
the  reaction  which  takes  place  may  l:>e  expressed  as  follows: 

This  reaction  can  be  made  to  go  completely  iu  either  directions 
according  to  the  conditions.* 

If  the  hydriodic  acid  is  immediately  removed  from  the  solu- 
tion as  fast  aa  it  is  formed,  the  reaction  will  proceed  quantita- 
tively in  the  direction  from  left  to  right,  In  the  presence  of 
sufficient  hydrochloric  acid,  however,  the  reaction  will  take 
place  completely  in  the  opposite  direction.  When  it  is  closired 
to  make  the  oxidation  of  the  arsenious  acid  quantitative,  there- 
fore, there  should  be  but  very  little  hydrogen  ions  in  solution 
at  any  time;  in  other  words,  the  solution  must  remain  as  nearly 
neutral  as  possible.  The  presence  of  free  alkali  is  not  pcrmia- 
sible  because  any  appreciable  concentration  of  the  hydroxyL 
ion  reacts  with  iodine  to  form  iodide,  hypoiodito,  and  eventually 
iodate. 

Alkali  bicarbociates  are  without  action  upon  iodine,  bq  that 
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Bodium  bicarbonate  is  used  for  ttie  neutralization  of  the  hydriodic 

acid  f9rmed  by  the  above  reaction. 

A-sO      JOS 
From  the  equation,  it  is  evident  that  1  gm.-at.  I  =  — 7— '=  -j-  =■ 

49.5  gma.  As,0„  and  —  gm.-at.  I  correaponds,  therefore,  to  4.95 

N 
gmB.  A8,0,=the  amount  necessary-  for  1000  c.c.  of  r^  solution. 

N 
For  the  preparation  of  the  —  arsenious  acid  solution,   the 

vitreous  form  of  commercial  AsjOj  is  sublimed  from  a  porcelain  dish 
upon  a  watch-glafis.  If  arsenic  trisulphide  is  present  (sho\vn  by  a 
yellow  sublimate  beinK  first  formed)  the  preparation  mu-st  be  previ- 
ously purified.  For  this  purpose  it  is  dissolval  in  hot  hydrochloric 
acid  (1:2),  the  insoluble  .sulphide  filtered  off,  and  the  arsenic 
trioxide  caufsed  to  deposit  by  cooling  the  filtrate.  After  pour- 
ing off  the  mother-liquor,  the  crystals  are  washed  several  times 
with  water,  dried  on  the  water-bath,  and  the  pure  suKstance 
obtained  by  sublimation.  After  standing  for  twelve  hours  in 
a  desiccator  over  calcium  chloride,  4.95  gm.s.  of  the  oxide  are 
accurately  weighed  out  into  a  porcelain  dish  and  dissolved  by 
warming  with  a  little  concentrated  sodium  h^'droxide  solution. 
After  two  or  three  minutes  all  will  be  dissolved.  The  solution  is 
now  ixiured  through  a  funnel  into  a  graduated  liter  flask,  and 
the  dish  carefully  washed  out  with  water.  A  drop  of  phenol- 
phthaJein  is  added  to  the  contents  of  the  fla.sk  and  pure  dilute 
sulphuric  acid  until  the  solution  i.s  decolorized.  About  20  gms. 
of  sodium  bicarbonate  are  dissolved  in  500  c.c.  of  water  and  the 
filtered  solution  is  added  to  the  barely-acid  contents  of  the  flask. 
If  the  mixture  reacts  alkaline  (shown  by  the  red  color  of  the  phe- 
nolphthalein),  a  few  drops  of  sulphuric  acid  are  added  until  it  be- 
comes colorless,  after  which  the  solution  is  diluted  up  to  the  mark 
with  water.  After  thoroughly  mixing,  a  burette  is  filled  with  it  and 
titrated  against  a  measured  amount  of  iodine  solution  as  under  1. 

3.    With  Anhydrous  Sodium   Thiosulphntc* 
Anhydrous  sodium  thiosulphate  may  be  prepared  in  a  state  of 
sufficient  purity  to  permit  its  use  for  standardizing  iodine  solutions. 
A  saturated  solution  of  the  commercial  salt  is  prepared  at  30°  to 
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35**  and  then  cooled  while  Blirring  coriRtantty.  Tho  salt  thus 
obtaiued  is  dehydrated  over  siilphurin  acid  until  it  has  fallen  to  a 
powder,  and  a  little  of  it  in  a  test-tube  shows  no  sign  of  fusion 
when  heated  to  50°.  The  final  dehydration  is  effected  by 
heating  at  80°  with  repeated  stirring  of  the  powder. 

Voung  (Standardized  a  solution  of  iodine  by  thi.**  method  and 
obtained  the  same  value  as  by  titrating  against  a  thiosulphatc 
solution  wbicb  bad  been  standnrdized  ngninst  pure  iodine. 

The  Starch  Solution. 

About  5  (fms.  of  pnwdrpcd  stsrcli  are  nibbed  into  a  pas^t*  with 
a  IttlJe  rr>lcl  water,  and  tlip  paste  is  flowly  abided  to  a  liter  nt  boilinj; 
water  containetl  in  a  porcelain  dish.  The  boiling  Ls  continuwl 
for  one  nr  two  minutes  so  that  an  aim  >si  clear  sohition  is  ohtainotl 
The  liquid  is  (v>r)lpd  hy  placing*  the  di.«h  in  cold  wator,  and  after 
iianfiing  ovcmigbt  the  clear  liquid  It  filte!t^d  into  Bmalj  .JO-c.e 
medicine  bottles.  These  are  placed  in  a  wa»or-bath  and  filled 
up  tn  the  neck  '.i-ith  the  starch  solution,  heatwi  two  hours,  and 
dosed  by  means  of  soft  stoppers  before  rcmovdng  from  the  hot- 
water  bath.  The  solution  thus  sterilized  can  be  kept  almost 
indefinitely  without  the  slightest  triLrc  tif  mould  formation.  Such 
a  iitilulion  prejiared  according  to  the  above  directions  by  H.  N. 
Stokes  rt^maiiied  perfectly  clear  after  standing  1*  years  and  was 
as  scTLsitive  (hen  as  when  first  made  up.  After  opening  the  bottle, 
mould  begins  u^  form  within  one  week,  which  explains  why  the 
solution  is  poured  into  small  bottles;  it  may  then  be  used  berr>re 
it  becomes  spoiled. 

It  is  nowadays  much  more  convenient  to  use  the  Zulkowsky 
"soluble  starch,"  which  is  obtained  eommereially  in  the  form 
of  ft  pa.«tp.  The  reagent  is  prepared  by  dissolving  a  little  of  the 
paste  in  cold  water. 

Sensitiveness  of  the  lodo-Starch  Reaction. 

A^  alrea;iy  mentioned  in  Vol.  I,  p.  267.  iodine  prodncpR  a 
blue  color  with  starch  only  when  hydriodic  acid  or  a  soluble  iodide 
is  present,  and  further  tho  formation  of  the  blue  color  depends 
not  only  upon  the  presence  of  iodide  but  is  largi-ly  inOuenccd 
by  tlie  concentration  of  the  iodide  solution.  With  the  same 
sjsoiui^  of  iodide  and  different  volumes  of  liquid  quite  different 
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amounts  of  kfdine  arc  neccs8ar>'  to  produce  the  blue  color.  From 
ihts  tt  is  cvidi^ut  that  in  any  io<limctric  aoalysis  about  the  same 
concentratioo  should  be  maintained  a«  in  the  case  of  the  fltaix- 

andization  of  the  aohitinns  used  for  the  analj-sia.    UTien  —  solutiona 

are  used,  the  error  pnxfuced  by  not  following  thin  rule  is  a  5niall 
one  and  for  iiust  pui^jn«s  can  be  neglected.    On  the  other  hand, 

when  an  annlysia  is  mode  with  -^  solutions,  a  large  error  may 

be  Introduced. 

To  show  what  tlie  error  can  amount  to,  the  following  results 
will  be  t^ven.  To  each  of  the  following  amounts  of  water,  1.5  c.o. 

of  starrh  solution  were  added  and  then  ^^  iodine  solution  until 

a  bar^y-vi^ible  colo  alJon  was  obtained. 

cc  Watef.  -^  Icidinn  Solution. 

fiO O.lSc.c. 

100 0.30   « 

150 0.47  « 

200 O.M  " 

Vi9»  experiments  were  repeated  using  3  c.c.  of  the  starch 
solution  with  alnuint  the  tom^  rosulti.  Rut  when  to  each  1 
Km.  of  pota4«iuiu  btiido  was  added,  thtt  following  mtilta  were 
obtained; 

Wal«r.  <^  lodi  DC  Solution, 

Mc.c.+  Ipn.  KI 0.04  c.c. 

100   "  +1    "     "    0.04   ** 

lao  "  +1  "   "  0.01  " 

200  "  +1    "     "  0.14  " 

«00  "  +1    "     "  0.32  « 

liOO  "  +3gms."  0.32  " 

620  "  +3    *'     "  0.32  " 

The  results  show  that  the  amntint  nf  bdino  solution  neocasary 
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to  produce  the  blue  color  in  the  absence  of  potassium  iodide*  is 
directly  prop<»rti«ned  to  the  dilution.  If  tJ»e  solution  cintuns 
1  gni.  of  potassium  iodide,  a  blue  color  will  be  produced  by  the 
same  amount  (A  iodine  solution  as  long  as  not  more  U^an  loO  c.c. 
of  solution  are  present,  but  with  a  greater  voliune  than  that,  more 
iodin*"  is  necessarj-  independent  of  whether  the  solution  contains 
1  gm.  or  more  of  potassium  iodide. 

In  onler  to  show  the  artion  of  the  iodide  more  distinctly,  a 
vei^'  dilute  iidine  solution  was  added  to  50  c.c.  of  water  containing 
stATch  solution  and  in  the  absence  of  iodide,  15  c.c.  were  added 
before  the  blue  color  was  peniiaiient.  After  adding  1  gni.  of 
potassium  iodide^  it  was  only  necessary  to  add  1.5  c.c.  of  the 
dilute  iodine. 

When  sohitbas  were  used  without  the  additi'>n  of  potaaaum 
ioijide,  the  s-imc  amoimt  uf  iodine  solutitm  (0.03  ccf)  was 
Deceesary  when  not  more  tlian  300  cc  of  water  were  present. 
With  fiOO  c.c.  of  water,  0.06  c.c.  of  iodine  w-aa  necessan-,  and  »ith 
1000  cc.  it  was  fnund  tiiat  0.15  cc.  uf  iodine  solution  was  re- 
quired. On  the  other  hand,  when  the  solution  contained  1  gm. 
of  potassium  iodide,  only  0.06  c-c.  of  iodine  was  necessary  in 
1000  O.C.  of  liquid  t 

AKALTSBS  BY  lODDCBTRIC  PROCESSES. 

I.  Determination  of  Free  Iodine. 

1000  cc.  —  iodine  solution  =  1?,092  gm.  L 

The  iodine  is  dissolved  in  a  solution  of  potassium  iodide.  Ilie 
soluiicm  is  titrnted  either  with  sodium  ttuosulphate  or  with  arse- 
nious  acid  exactly  as  described  under  the  standardization  of  an 
iodine  solution. 

2.  Determination  of  Chlorine  in  Chlorine  Water. 

lOOOc.c.  —  iodiiw  8olutian-S.54fl  pn.  CI. 

•  With  the  flauepuoD  of  the  potassium  iodide  contained  in  the  ioditw 
solution  itvlf. 

t  0.03c.e."I  drop. 

:  Tbe  t«tnpenkture  of  the  solution  sl«o  «xrrts  an  influenee.  Otho'  thin^ 
beiog  oqual,  the  eod^Mtat  is  beat  obtaitkcd  in  a  cold  Bolttttoo. — ft^aoslalor.J 
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A  moasured  amount  r.r  chlorine  WAter  in  atldni  to  a  sulutiun 
containing  an  excess  of  pnta-ssiuin  io^ii(^<^  The  point  of  thy 
pipette  should  be  held  ju.si  aliove  the  surfnce  of  the  iodidu  wjluliu  > 
and  the  latter  slioiild  be  «)iitaint\i  in  a  glass-stoppered  bottle. 
After  the  chlorine  water  has  been  added,  the  contenta  of  the 
bottle  are  vigoransly  shaken,  and  the  iodine  set  free  is  tiliatod 
with  sodium  thiosulphatc  as  alK)vc : 

2KH-CIa=2KCl-(-Ia. 

3.  Deterfflinfttlon  of  Bromine  in  Bromine  Water. 

lOOUcc  '^  indinc  9(>lutioii-;.992  pa.  Br. 

The  pmcedurc  U  the  sanic  as  under  2; 

2KI  +  Br2=2KBr+l2. 

4.  Determination  of  Hypochlorous  Acid  in  (he  Presence  of 

Chlorine. 
The  determination  Is  bRiM?<J  it|Kin  (he  following  reacUona: 

iioa+2ia=Kn+Kou+i,; 

Cl,+  2KI=2Ka+I,. 

I  gm.-mol.  of  hypochlfimus  acid  sets  free  1  ^tm.-mol.  of  iodine, 
b\it  produces  at  ihn  same  tinm  1  pni.-mol.  of  poluiwiiim  hydroxide, 
while  the  chlorine  simply  snta  frre  an  wpiivalcnl  amount  of  iodine. 
After  neutralixing  the  alkali  by  means  of  an  pxcxv»  of  hydmcMnrie 
acid  and  determininR  the  iiNdine  by  titration  with  sodium  tlno- 
culphate,  the  excess  of  hydrochloric  acid  is  titrated  with  standard 
alkali  solution. 

N 
iVocedtire. — A  meaaured  volume  of  —  hydnchloric    acid    is 

added  to  a  potaaaium  iodide  nohition,  to  this  a  knon-n  amount 
of  the  niixture  of  chlorine  and  hypocidorous  acid  h  added,  and  iho 

iodin:?  set  free  iP  titrated  tt-ith  -r-r  thiosulphatc  solution.    The  now 

colorlec  solution  i«  treated  with  mcthj*!  1  range  and  the  exopss  of 

hydmchlnric  aciil  is  titrated  m\h  -r^  NaOH.    The  KOII  pnKlucod 

by  the  action  of  the  hy|>ochlorouB  acid  upon  the  iodide  reguires 
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N  .     .  .  N 

hnK  08  much  j=  acid  for  neutralization  as  are  required  of  ttt  Na^O, 

so'.iition  to  read  wi.h  iho  iodine  set  free  by  tlie  action  of  th;:^  hypo- 
clilt>riiUK  arid. 

ExampU.—U  V  c.c.  of  chlorine -t-hypochlurous  acid  were  taken 

for  analysis,  t  c.c.  Trj^t-"'  present  at  the  start,  T  c.c.  jxSn^O, 

N 
used  for  titrating  the  iodioe,  and  t^  c.c.  -r^  KaUH  fur  titrating  the 

N 

cxoeea  of  acid,  Ihen  t—ti  c.c.  =;;  acid  were  retiuired  io  neutrahze 


10 


N 


the   potassium   hydroxide  and   2(1— t^  c.o.  -r^  NajS,0,  to   react 

»\ith  the  iodine  formed  from  the  hypochloritt'. 

Henct!  ((-/|)  0.005237  *=gin.lk)a  in  K  c.c.  solution 
and 

T-2it-ti)  0.003546-gm.  CI  In  V  o.c.  solution. 

5.  Determination  of  Iodine  in  Soluble  Iodides.! 

(c)  By  Decomposition  with  Ferric  ^alts. 

If  a  Rolultim  of  a  soluble  io<lidc  is  treated  with  an  excess  of 
ir<in-aiiimoni\nn  alum  and  acidified  with  Bulphuric  acid,  the 
ferric  salt  will  be  reduced  to  ferrous  salt  with  separation  of  iodine: 

Fe.CSO.),  -t-2H  I  =  H^SO. +2FeS0.+ 1^ 

If  the  solution  is  heated  to  boiling,  the  todino  escapes  with 
the  steam  and  can  be  collected  iu  a  solution  of  potaisiium  iodide 
and  then  titrated  with  sodium  tliiosidphate  or  an!«iuous  acid. 
lliia  method  is  ttuitod  for  separating  iodine  from  bixjuiirie,  for 
bromides  do  not  reduce  ferric  salts.  Tlie  bromide  will  be  found 
in  the  residue  obtained  aftor  the  distillaiion,  and  is  best  deter^ 
mined  jiravinietrii'ally. 

■^  HOCI-52.47;  1  c.c.  -  eolalioii-0.005217  %m.  UOC\  (ngaiMt  NaOH). 

t  In  the  case  of  InBolublt-  i<>dide.'s,  Uip  incUil  niuflt  Crat  1>«  PcmovwJ  if  the 
iodinfl  is  U>  be  di-t«r:i>i'i  d  voIuiDctriiciiJly.  This  cou  1ms  mcconipliiihrd  by 
the  method  of  Sli'jisd  (Z.  uri&l.  CIicri.,  IS,  137).  Ii  may  bo  aaid,  bowover, 
Uiat  (he  volumetric  mcliud  ofTcnt  no  advaatagca  over  the  gnvimetrie  one. 
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(6)  By  Decompoaition  wilh  Ntiroua  Acid  {Freaenius). 

This  excellent  method,  which  is  especially  suitwi  for  deter- 
mining small  ammintA  of  iodine  in  Ihe  presence  of  bromine  and 
chlorine  in  mineral  waters,  depends  upon  the  easy  oxidatioo  of 
hydriodic  acid  by  means  of  nitrous  acid : 

2HI+2HNO,-2H,0+2NO+l2. 

Hydmchloric   and   hydrobromic  acids   are  not  attacked  by 

nitrous  BciJ. 

Procedure. — In  the  small   apparatus  Rlmwn   in  Fig.  93  the 

neutral  or  slightly  .ilkalino  wtlnrinn  nf  tho  iorlicle  is  plored;  it  is 
slightly  acidificil  v,'nh  dilute  Kiilphiirin  arid,  and 
a  liltlo  frftihly-tlistillwJ,  colorless  carlHiii  bisulphide 
(or  {'hlonifdnn)  is  added,  so  (hat  it,  dtw-s  not  qiii« 
rcflpli  to  the  Blo[)-«)ck,  near  ilie  bottom  of  the  tube. 
Thpn  two,  or  al  the  most  threej  drops  of  "nitrose"* 
are  iiddcti,  the  tiilw  stoppered  and  viKorously 
shaken,  after  which  the  carbon  bisulphide  is 
allowed  lo  settle  once  more.  TTio  gniall  amount 
of  the  latter  which  at  first  adheres  lo  the  glass 
sides  is  made  to  run  (o  the  b(-.ttom  by  revolving 
and  inclining  the  lube.  On  the  ui>pcr  surface  of 
the  litiuid  there  will  still  remain  a  few  tiny  clrojis 
of  carlx)n  bisulphide.  To  obtain  these  a  funnel 
containing  a  filter  moistened  with  water  is  placed 
under  the  glass  stoixock,  the  8topi>er  is  removed 
frr.>m  the  tube  and  the  aqueous  solution  is 
allowed  to  run  through  the  filter,  but  the  carbon 
bisulpliido  will  remain  behind  on  the  i>aper. 
Tlie  carbon  bisulphide  remaining  in  the  tube  in 
shaken  three  times  with  successive  ix>rtioii»  of 
(liKtille<l  water,  and  each  time  the  latter  is  allowed 
to  run  off  through  the  same  filter.  The  funnel  is 
then  placetl  at  the  top  of  the  tube,  punctureil  with 
tiu  113.         ^  |Kjiiite<.l  gla*«  rod,  and   the   carbon   bisulphide 

washed  iiiLo  the  tube  by  meariK  of  altout  0.5  c.c.  of  water.     After 

•  a.  Vol  I,  p-  2^  ' 
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thJB  one  or  two  drops  of  sodium  bicarboiiaU?  solution  arc  added 
aiid  thoruLi^hlv  shalven  with  the  carbon  biaiilphiile,  then  standard 
WHitnni  Lhiosulplmic  Bolulion  is  aided  until  tlie  roddiah-Wolcl 
carbon  bisulphide  solution  becomes  coInrU^ss. 

The  value  of  the  Bodium  thiosnlphatc  solution  is  not  detcmunwl 
as  onlinarity,  but  by  means  of  a  potassium  iodide  solution  treated 
as  above  described. 

Remark. — Tliia  method  Lh  uaeful  for  deterniining  small  amount* 
of  iodine  in  the  presence  of  relatively  larpc  amounts  of  chlorine 
and  bnmiine,  an  in  the  analysis  of  mineral  waters.  For  the  stand- 
ardization of  the  sodium  thiosulphate  solution,  as  nearly  as  possible 
the  same  amount  of  pota^Jum  iodide  is  used  as  is  present  in  the 
unknown  solution;  this  is  determined  by  the  eolor  of  the  carbon 
bisulphide.  Pure  pota.ssium  iodide  must  be  used  for  this  purpose, 
and  its  purity  tested  by  means  of  a  gra\*imctric  determination  of 
the  iodine  present  in  the  salt  after  it  has  been  dried  at  ITO^-ISO*  C. 

The  reason  the  sodium  thiosulphatc  solution  must  be  stand- 
ardized in  thijj  way  is  as  follows: 

When  an  aqueous  solution  containing  iodine  is  shaken  with 
carlxm  bisLdphidc,  not  all  of  the  iodine  but  the  greater  part  ol 
it  will  ftass  into  tlie  latter  solvent.*  The  error  its  comiiensatcd, 
however,  by  standardining  the  solution  in  the  same  way. 

*ir  tlie  solution  of  u  substAncd  is  ^liaken  with  unntbvr  Bnlvcnt  in  whicb 
the  fnnner  dni>H  not  mi:c,  the  origitial  lutLouiit  uf  tliu  siibHtiiiivL'  divides  itself 
fictwocn  thi  two  8f>lvfnl*i,  am)  in  fart  iht;  coticentruUtm  a(  one  BolutJoa 
(oinoinit  of  tlio  diSBolvBii  suhBlanoft  pwspiit  pftr  eul)ic  centimeter)  always 
beim  ft  coniitant  rtrlaUon  to  that  oC  tJic  other. 

Iliu^  if  Ty  R>i>«-  nf  iiH^lnc  iirrt  dixit  ilvH  iti  V  cc.  of  water,  and  thp  nolutinn 
is  Hlmkcn  with  V,  cc.  of  carbon  bisulphidf,  thrn  x,  pns.  of  imlinr  will  rpmain 
in  Ih:;  iiqucous  mjlutiuu  and  Jo— 'j  K'""-  """1  P»^  i^*^  the  caiiioD  biaul- 
phide. 

The  amount  z  is  found  by  the  following  equation: 

kV 


-p-JA.    and    x,-x.^^-j;^. 


—  and  — - —  are  the  oonr,enimtianB  in  each  of  the  anltttioQH  and  fc  is  the  ihs- 

tribxdion  rotJficiaU,  which  is  tIt  for  iodine'     If  Ibe  aqueous  solution  is  now 

ahsksa  with  the  saint-  ainounl  of  frosh  eiirbon  biMulphidi',  then  xt  gnis.  of 

>  Bvrtbelot  Mid  JuutO«'Mb,  Conslw  n'tult-.  flO.  9-  S3S. 
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If,  after  shaking  with  CHrbon  bisulphide,  the  aqueous  solution 
stiU  appear;  yellow,  it  must,  tie  treated  a  second,  liod  perhaps 
a  third,  time  with  fresli  amounts  of  car>>on  bisulphide. 

6.  Determination  of  Bromine   in  Soluble  Bromides  (Bunsen). 

If  chlorine  water  is  added  to  a  colorless  bromide  solution  in 
a  porcelain  dish,  the  solution  becomes  yellow: 

2KBr+Cl2  =  2KCH-Brj. 

If  it  ia  heated  to  boiling,  the  bromine  i^  rxpellefl  and  the  aolo- 
tinn  tieci)mr»  enlnrless  again.  Tlie  addition  of  the  (rtitnrinc  water 
is  continueHi  until  finally  no  yellow  coloration  is  prmiueed. 

Preparation  and  Standardization  of  the  Chlorine  Wata". 

100  c.c.  of  a  satiiratei)  chlorine  water  are  diluted  to  500  ex. 
and  titrated  againttl  a  welgheil  amount  of  pure  potawtium  bnmiide 
which  ha.4  Ijcen  drieil  at  170°  C,  the  same  amount  of  liRjtiiide  iK'Jng 
token  for  the  standardtzatinn  as  is  supjxiNCil  to  I:e  present  in 
the  dilution  to  be  analyzetl.  During  the  titration,  the  burette 
containing  the  chlorine  water  is  enveloped  in  blaek  paper  to  pro- 
tect its  contents  from  the  light,  and  the  tip  of  the  bureilc  ia  held 

indine  irill  nrnnin  In  the  wAtrr  and  x,— Jt,  will  be  extracted  by  the  carbon 
bimlphidc.    In  thia  ciaae,  hoircvcr, 


C2)    *»-'^\v  +yk)     PiialnJlM. 


90  thai  ftft«r  shiUtinji  n  Umci  irith  fraih  pvitiuoa  of  carbon  bi8ul|ihide,  the 
nuiuunt  o{  iodiuc  rEniuinmg  m  tho  water  would  bo: 


(kV    \  ■■ 


AMMiminK  that  in  tittt  analysis  0,005  gm.  of  lodinn  was  diMolved  ia 
10  c.c.  of  water  ami  that  Ihw  iH>lutinn  wiui  ahakeo  once  with  1  cc.  of  carijoo 
biwlphtde,  thea  nccordinK  to  equation  (I  ] 

JLyiO 
*,-0.005^^?-jjj--0.005jY -0.0001  pn.  iodlJM 

would  remain  diaiolved  in  tbc  wator,  or  an  amount  Ihai  on  Iw  ntFglwtcd. 
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jufit  above  the  surface  of  the  hot  bramiijo  t^oluLiun,  su  that  as 
little  chlorine  as  possible  ia  lost  by  ovaporatioii. 

7.  Determination  of  Iodine  and  Bromine  in  Mineral  Waters. 

According  t-o  the  amount  of  halogen  pirsent,  from  5  to  60  liters 
of  water  are  taken  for  the  analyse. 

The  amount  of  bromine  and  iodine  present  is  usually  small 
compared  with  the  chlorine,  so  that  the  residue  obtained  by  the 
eva|>oration  of  a  large  amount  of  water  cannot  be  used  directly 
for  the  aiialysia,  but  by  partial  crj-stallization  a  mother-liquor 
rich  in  bromide  and  iodide  must  first  be  obtained. 

Prwxdttrt. — Tlie  water  is  placed  in  a  larpe  porcelain  ex'aporating- 
dist),  a  hter  at  a  time,  and  if  not  already  alkaline,*  enough  pure 
Sodium  carbonate  solution  is  added  to  make  it  distinctly  *o,  and 
the  \\aler  is  evaporated  to  about  one-fourth  of  its  orisinal  volume. 
Tlibs  causes  the  eeparation  of  some  calcium  and  magnesium  car- 
Luiiates  in  the  presence  of  hydroxides  of  iron  and  maiiKaneso, 
wtiilc  all  of  the  haloRen  salts  remain  in  solution.  The  residue 
is  fiUercil  off  and  thoroughly  washed  with  water.  The  filtrate 
ia  further  concentrated  until  nalta  begin  to  cnr'stallizc  out,  and 
the  hot  soUilion  im  then  iRJur^nl  intti  three  tiniw  lis  volume  of 
absiohit«  alcohol ;  tliifl  causes  the  greater  part  of  the  HtHlium  chloride 
and  other  und^'^irl'd  sails  to  pn-i-ipiiate.  After  utaiidinf*  twelve 
hours,  the  alcoliolic  liiiuid  is  filten'd  and  tlic  residue  wasliod  five 
or  six  times  with  It.*)  per  cent,  alrnhol. 

'llie  alroholic  Huluiion.  wtiich  contuias  all  of  the  iodine  and 
bromine  with  emnsiderable  chlorine  in  the  form  of  the  alkaline 
salts,  is  treated  with  five  drops  ttf  concentrated  potasKiinn  hydmxide 
solution  and  almost  alt  uf  the  alcohol  distilled  off,  uhilc  a  current  of 
air  is  passed  through  tlie  solution  by  means  of  a  capillar}'  tube 
reaching  to  the  bottom  of  the  liquid  in  the  dii^tillinp-llaRk. 

TTie  residue  from  the  distillation  i^  funher  conrentrated  imtii 
salts  agaJn  bef^in  to  crystallize  out  and  the  prr-cijiitaUon  with  alco- 
hol in  rB[>cated.  Tlic  alcohol  is  again  distilletl  off,  but  tliis  time 
with  the  addition  of  only  one  or  two  drops  of  potaa^um  hydroxide 

*ThG  solution  is  nlknline  if  sit<r  the  addiUoCt  of  ph«iolpbtli>lcui  the 
■cdation  tumfl  red  o&  Iwiliu^ 
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solution.  According  tu  the  amount  of  salts  present  in  solutJon 
this  uperation  b  repeated  from  three  to  six  times.  I'he  final 
filtral.e,  after  the  alL-ohiil  has  been  distilled  off,  is  placed  in  a  plati- 
num dish,  evaporated  to  dryness,  the  dish  covered  with  a  watch- 
glass,  and  the  residue  gently  ignited  to  destroy  organic;  matter. 
The  residue  from  the  ignition  is  dissolved  in  a  little  water,  the 
carbonaceous  material  filtered  off,*  the  solution  slightly  acidified 
with  dilute  sulphuric  acid,  the  iodine  liberated  by  the  addition  of 
one  or  two  drops  nf  "niiroac,"  and  titrated  vnih  sodium  thio- 
8iilphatc,  after  shaking  -with  chloroform,  as  described  on  p.  G.57.t 
The  bmmine  \a  detcmiineil  in  the  aqueous  solution  obtained  after 
tlie  extrartiuii  of  the  iodine  wJih  chloroform.  The  acid  solution  in 
made  alkaline  by  the  additimi.  of  sodium  carbonate  solution,  two 
drops  of  a  t^uturated  sugar  (iohilicin  are  oililcil,  ami  the  solution 
evajKirated  to  drj'nei^s  iti  a  platinum  illsh.  With  a  wateh-glfiss 
uixin  the  di-sh,  the  n*iidue  is  gently  ignited  in  onler  to  destroy  the 
sugar  ami  the  e-x cess  of  nitrite.t  After  IhisliaH  bef^n  aecompliahotl 
the  residue  is  di-«olvctt  in  water,  filtered,  acidified  slightly  with 
Rutphuric  aeid,  and  the  bromine  titrated  with  chlorine  water  aa 
describoiJ  on  |>.  0'i9. 

Remark. — If  siifhcient  mineral  water  is  available  it  is  better  to 
divide  the  mother-liquor  containing  the  bromide  and  iodide  into 
two  portions;  in  one  portion  the  iodine  U  determined  as  liefore, 
while  in  the  other  the  bromine  and  iodine  are  determined  by 
titration  with  chlorine  watpr.§ 

8.  Analysis  of  Peroxides  (Bunsen). 
All  peroxides  of  the  heavj-  mrtais,  whirh  evolve  chlorine  on 
treatment  with  hydrochloric  acid,  cnn  he  determined  with  great 

*  ir  thv  liltnit«!  ill  niiL  mniplntrly  MiJorlfWi,  it  U  «rvaponit«cl  and  agaii) 

t  L«c«o  ilt-teniiiiwe  tha  iodine  coloriniclricAJIy  <Z(r'it«clir.  f.  tiutl.  Clietn., 
XXXV.  p.  318^. 

t  Tbe  addiUoa  of  the  aigstr  caUM«  LUtt  oltrito  M  Im  ^tKOoyei  at  ft  Vnrm 
lempcmluru  Uuui  would  otlwrwiMi  l.e  tlie  com,  and  Uw  danger  of  toujtg 
broiiiiii  -  by  voUt iluation  14  uvoided. 

^  .\a  Uic  clJorine  witt«r  wu  ittuidardlxed  Rgninst  bromine,  nn  aniOiuit 
Of  tho  InttiT  equivalent  to  the  Iodine  pTwent  Is  dvducto^l  (rum  l.hi>  mnuimt 
nprcwsateJ  by  ths  ehloiiat  wabur  imkI;   ibo  difforcuoo  showg  the  bromios 


^ 
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accuracy  by  conducting  the  chlorine  into  potassium  iodide  solu- 
tion and  titrating  the  deposited  iodine  with  sodium  thiosulphate 
or  arsenious  acid  sfjhition.  It  is  only  nnccssBry  to  make  sure 
that  tlie  chlorine  is  alluwecl  to  act  upon  the  potassium  iodide 
without  loss.  For  all  such  determinationB,  Bunsen  employed  the 
apparatus  shown  in  Fig.  94.  Tlie  small  decomposition-flask  of  about 
40  c.c.  capacity  haa  a  ground-glass  connection  with  the  dellveiy- 


\A 


B 


Fra.  94. 


tube  *  and  is  held  firmly  iii  place  by  means  of  rubber  rings,  as  at  a. 
Tho  lower  end  of  the  bent  delivery-tube  is  draivn  out  into  a  not^ 
too-small  capillan,'. 

Procedure. — The  finely -powdered  substance  is  placed  in  the 
small  plass-stoppcred  weighing-tube  (Fig.  1)-l  B),  which  has  a 
small  piece  of  glass  fused  on  the  cJid,  and  weighed.  The  tube  ia 
then  taken  hold  of  by  means  of  the  glass  at  the  bottom.f  intro- 
duced into  the  neck  of  an  absolutely  dr>'  decomposition-flaKk, 
and  the  required  amount  of  the  substance  is  allowed  to  fall  into 
it  by  carefully  revolving  the  weighing-tube.  On  again  weighing 
the  tube,  the  amount  of  substance  taken  is  determined.  H\-dn>- 
chloric  acid  is  now  added  (Ita  concentration  depends  upon  the 
nature  of  the  substance),  the  delivery  tubing  is  at  once  connected 
with  the  flask  and  introducetl  into  the  retort  containing  potassium 
iodide  s*.ilution.  IJy  means  of  a  liny  flame,  the  contents  of  the 
flank  are  heated  to  boiling  and  from  half  to  two-thinis  of  tlie  liquid 

•Irwtead  of  Uip  Kmund-cUuis  ootmection,  Tlunspn  usrd  a  tub?  of  Ui9 
aatne  tatv  as  the  neck  uf  the  flusk  uud  oonnectcd  them  with  rubber  tubing, 
the  two  gljiM  tuliM  Iwini;  iH^iun^t  otic  another. 

t  By  holding  the  tube  in  itm  wny,  deviations  of  vreight,  due  to  uni>qiiat 
warmiftg,  are  avoided. 
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IB  dwtUIp(l  ovrr  into  the  rrtnrt.  In  ordrr  to  prrvpnt  the  iodide 
sf>Iuti{in  fnmi  «urking  l>ack  into  iho.  flask,  the^  ddivrr>--tiihe  is 
taken  out  of  the  retort  before  removing  the  flame;  the  contents 
of  the  tulK-  are  then  washet!  into  the  retort. 

Th<'  potassium  intlicle  sohiiion  is  poured  into  a  large  Iieaker, 
the  retort  washed  out  several  times  with  a  little  water,  and  then 
with  [MitAfnium  iodide  sohition  in  order  to  remove  any  iodine 
which  may  remain  adhering  Ifi  the  glass.    Tlie  iodine  is  titrated  with 

N 

"  sodium  thiosulphate  solution.  In  this  way  p^Tolusite,  Chro- 
matis, lead  peroxide,  minium,  eerie  oxtde,  selenic,  telluric,  and 

molybdic  acids  may  be  analysed. 

(a)  Determination  of  Man^^aacsc  Dioxide  in  Pyrolusite. 

1000  cc  ^  XisSjO, oolution "^^''^^ "  i'ii7  gnw-  MnO,. 

How  much  pyroIiiHitc  shall  I>e  takfti  for  the  analvRis?* 

If  possible,  an  aniuunt  should  be  taken  fur  analyt^is  wlitch  will 

N 

not  require  more  than  one  buretteful  of  the  -jr  Na^SjO,  aoluUon, 

We  assume  that  the  sample  contains  lOO  jx-r  cent,  of  MnO,,  and 
ealeiilate  how  much  of  the  latter  would  correspond  to  50  c.c.  of 

N 
1  C.C.  Tg  solution  :0.0(>I347  gm.    MdO,='50:x; 

x='5iJXO.(X)4347  =  0.2173gm.  MnO,. 

Conse^iuently  for  the  analysis  about  0.2  pm,  of  the  substance 
is  taken,  which  ha-i  been  dri«l  at  ]00*C.  To  this  25  c.c.  of  hydro- 
chloric acid  (1:2)  arc  added  and  the  analysis  U  made  as  described. 
above. 

*  Ttiia  ia  appiiralil'-  to  nliiiiMt  vvpry  volumiHrin  tua-Wnt.  To  iiunirv  tho 
mo«t  Br<tirat«  n-«u]l«,  tb^  conronlralion  of  tti«  slandanl  solution  and  die 
wfuiihl  of  flubstanM  talci-n  fur  iinjd>-t(i*  hIiouI<]  be  so  ohown  thai  U:twi»-n  3.^ 
And  '>0  c.c.  nf  the  rpagent  nir  used  tD  the  finii]  titration.  lo  thia  way  the  nrmni 
in  drtcrtnlning  lh«  rnd-pnint,  n'Ading  the  burette,  etc.,  will  Qot  Influenrc  IIm 
ivtutt  appreciably. — [Tmnalstor.] 


{b)  Determination  of  Telluric  Acid. 


If  the  telluric  acid  ia  prefienl  as  the  hydrous  acid  CH,TeO^+2H,0) 
or  as  telluratCj  llie  analysis  is  pcrformwl  in  the  i^ame  way  as  with 
eelenic  and  chrcimic  acids.  If,  hdwovfir.  tlie  telhmuni  is  prcseut 
as  the  anhydruu8  auid  or  as  the  anhydride,  the  method  must  be 
modified,  for  these  sidMtanrcs  are  scarcely  attaekisl  by  concen- 
trated hydrochloric  acjid.  They  are  placed  in  the  dec^nnjHisil  ion- 
flask,  dissolved  in  a  HtUoconercntratfd  potassium  hyiiroxide,*  and  to 
tliP  telluram  sohition  thus  obtained  the  concentratoti  liydn>ohluric 
acid  isadde<l;  thoFotluctioa  tlienis  accomplished  without  difliciilty: 

K,TeO^+4Ha=2Ka+H,TcO,+H,0+CV 

Aeoording  to  this  equation 


la. 


n4'. 


127.5 


>63.75gni8.  Te. 


*  llw  aohitjoo  oould  not  be  effected  by  \uinf^  atx/tum  b>'droxide. 


DETERMlNATtON  OF  CERIC  OXIDE  AND  VANADtC  WODL    66$ 


,c)  Determination  of  Ceric  Oiide. 

1000  tc.  ~  Iodine  8o!iition-^'-.i~^-17.226  smu.  feO,. 

Ceric  oxide  when  mixed  with  considerable  lanthanum  and  di- 
tlymium  oxides  is  reduced  by  diatilktifjn  irilh  concentrated  hydro- 
chloric acid: 

2CeO, + SHa = -aijO + 2Cea,+ CI,. 

If,  however,  the  mixture  contains  but  little  of  the  two  last 
subBtaiiccs,  or  if  it  is  pure  ceric  oxide,  the  heating  with  concen- 
trated hydrocliloric  acid  is  of  no  avail;  the  oeric  oxide  will  uut 
di&Mjlve. 

In  llie  preeenre  of  hydriodio  acid,  however,  the  reduction 
takes  place  roa<lily,  so  tliat  it  'is  only  ne{!esiian-  to  add  2  gim. 
cf  potassium  iodide  to  a  wetgheil  amount  of  tlie  stibstonce 
(0.07-O,6S  gra.l  in  the  decom[K)sitii)[i-ilu.sk.  and  then,  after  the 
adiHtion  of  hytlrochloric  acid,  violet  vapors  of  iodine  can  be  di^ 
tilled  fmm  the  dilution: 

2CeO,+2KI+8Ha-2Ka+2CeCl,+  4H,0+Ia. 

Often  there  will  be  bo  much  iodine  given  off  that  the  polid  is 
likely  to  stop  up  the  tube  and  the  flask  will  ufle"  explode.  To 
prevent  this,  the  end  of  the  deliven--tul>e  is  not  drawn  out  into 
a  capillan',  but  at  the  bottom  an  opening  of  about  4  nun.  in  diame- 
ter is  left.  Ihiring  the  operation,  the  flame  must  be  protwled 
from  lu^currents,  for  otherwise  there  is  danger  of  liquid  ttucking 
back  from  the  retort. 

{d)  Determination  of  Vanadic  Acid.J 

lOOOcc.  j~  iodinfl  Bolution-^-— ^-9.12gmfcV^,, 

By  boiling  vanadic  acid,  or  one  of  its  fuilts,  with  concentrated 
hydmchloric  acid,  the  vanadium  is.  reduced  with  evolution  of 
chlorine.  Unfortunately,  this  reaction  cannot  be  used  for  tho 
determination  of  vanadic  acid,  for  the  amount  of  clilorine  evolved 
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depends  upon  the  concentration  of  the  vanadium  solution;  the 
vanadium  is  not  reduced  to  a  definite  oxide.  On  the  other  hand 
by  means  of  kydrobromic  acid,*  vanndic  acid  is  red«ce(i  to  a  bhie 
vanadyl  salt: 

VA+2HBr=VjO,  +  H,0  +  Br,. 

If  the  free  bmmiiie  is  absorbed  in  potasaium  iodide,  and  the 
liberated  iodine  titrated  with  sodium  thiosulphatc,  a  sharp  <iet4Ji^ 
mination  of  tliu  vanadium  wUl  be  oLtaiii«l.  To  carry  out  tlua 
analysis,  about  0.3-0.5  gin.  of  the  vauu.dute,  together  witJi  1.5 
to  2  pins,  of  iKilassium  bromide,  is  placwl  in  the  decoinposition- 
fla!<k  of  the  liiinsu-ri  apjiaratiis  (Fig.  94,  p.  002),  '-H)  c.c.  of  con- 
centrated liydruchloric  acid  are  added,  aud  distillatiua  is  effected 
an  before.  The  decoroijosition  U  alwaj-s  complete  when  the 
liquid  iu  the  Rnak  in  a  pure  blue. 

If  hydriodie  acid  i<i  used  instead  of  hydnjbromic  acid,  the 
vanadic  acid  ia  reduced  still  further,  almost  to  V,0,.t  In  fact, 
a  complete  retluction  to  the  latter  oxide  can  be  accumplished  if 
potassium  iodide,  concentrated  hydrochloric  acid,  and  1  or  2  c.c. 
of  syrupy  phnapharic  acid  are  added  and  the  liquid  distilled 
until  no  more  vapors  of  iodine  Hre  ovolvoil.  Arcordine  to 
Steffan,  this  will  always  Ijc  the  case  when  the  Uquid  is  reduced  to 
one-third  of  its  original  voltimc. 

(e)  Determination  of  Molybdlc  Acid. 


1000  C.C  ^NajSPj- 


MoO,     14+     ,,.  „_^ 

.-^-_   -14.4pr«.MoO, 


The  detennination  depends  u[>nn  the  fact  that  molybdlc  acid 
is  retlnced  to  molybdenum  pentoside  by  means  of  hydriodic  acid 
with  liberation  of  iodine: 

2MoO,+2HI=H,0+MoA+I,. 

Remark. — TJiis  method  finds  no  i)ractical  application  on  account 
of  the  fact  that  it  is  difficult  1o  obtain  a  quanlitative  reduction  in 

•  Holvenwheitlt,  IXanrTlalion,  Ilerlm,  IS90. 

t  Friedheim  »nd  Eul.-r.  Bfrichtc.  2S  (1895),  2067. 

}  lind.,  28  (1895),  2067,  and  20  0S90),  20S1. 
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accordance  ■mth  the  above  equation.  Gooch  and  P'airbanka  *  found 
that  if  a  solution  containiiiK  molyhdic  acid  is  ilLstillpd  in  the 
Hunspn  apparatus  with  potassium  iodide  and  hydnifihloric  acid, 
until  iodine  vapors  are  no  longer  visible  and  the  sohilitm  is  a  light 
jircen,  too  Uttlo  iodine  is  ohtainc^l.  On  Ihfi  other  hand,  if  the 
listillation  is  c/intinued  still  further,  they  found  that  the  rednction 
goes  on  and  more  iodine  is  obtainrti  than  coircwponds  to  the  above 
equation.  Steffan.f  who  tested  the  method  in  the  author's  labo- 
raton',  ohtaineii  results  agreeing  wiih  those  published  by  Cooch 
and  Fairbanks.  liy  means  of  hydrobromic  acid,  moiybdic  acid 
ia  not  reduced. 


(/)  Determination  of  Vanadic  and  Moiybdic  Acids  in  the  Presence 
of  One  Another. 

According  to  StefTan,  these  two  acids  may  be  determined 
vei^'  accurately  when  pretsent  together.  The  vanadic  acid  is 
determined,  acwmling  to  Hulver^cheidt,  by  diwlillatjon  with 
potoasium  bromide  and  concentrated  iiydmchloric  acid,  absorp- 
iion  of  the  bromine  in  potasaium  imlide  solution,  and  titration 
of  the  liberated  iodine  (cf,  p.  B66).  Tho  cont^ntfl  of  the  distiila- 
tjon  llask,  in  which  the  vanadium  ih  present  a^  vanadyl  salt  and 
^e  molybdenum  as  moiybdic  acid,  are  treated  with  hydrogen 
Bulpiiide  in  a  presRure-flask,  and  tho  precipitated  molybdenum 
sulphide  is  filtereii  thniugh  a  (looch  cnicible,  and  weighed  as  MoO,. 
as  descrilied  on  p.  2S0.  The  results  obtaincfl  by  this  mothod  are 
perfectly  tyiti-ifactory. 

As  niolybiiic  acid  ia  unattackcd  by  hydrobromic  arid,  but 
is  redu(MKl  to  .Mii,0,  with  separation  of  iodine  by  means  of  hydri- 
odic  acid,  I*'ricdlieim  aiii]  Kulicr  projiosed  tlio  following  method  for 
the  determination  of  vanadic  and  moiybdic  acids  when  prcaent 
together: 

The  mixture  of  tho  two  acids  is  distilled  as  before  with  potaawum 


•OoocK  and  Fairb&nkA,  Z<"itsrhr.  f.  anorg.  Cbem.,  XIII  (.1697),  101, aod 
JOV,  317. 

t  Stcffao,  laaug.  PiawrtAUon,  Zurich,  1902. 
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bromide  and  hydrochloric  add  &nd  the  vanadium  thereby  reduced 
to  the  tetroxide  compound 

VA + 2H  Br = H,0-f  VA  +  Br« 

with  separation  of  two  atoms  of  bromine  which  are  dctennined 
iodimctric&Uy.  To  the  cold  solution  remaiiiinp  in  the  distiUing- 
flask,  potassium  iodide,  hydrochloric  acid,  and  syrupy  phosphoric 
acid  ure  added,  and  tiie  dUtillatiou  continued  until  no  more  iodine 
is  given  ofT  and  the  solution  is  a  ii^ht  )>Teen. 

By  means  of  this  second  reduction  tJie  vanaJiiim  tetroxide  ta 
supposed  to  be  reduced  to  \'jO„ 

and  consequently  mnre  indine  is  lilierat<'d  by  the  vanadium. 
Furthenriore,  acronling  to  Frietiheim  and  Eulcr,  the  molybdenum 
b  reduced  to  Mo,Oj: 

2MoO,+2HI-H,0  +  Mo,0,+  I, 

If,  therefore,  the  amount  of  iodine  eorrfisponding  to  the  fiist 
titration  is  deducted  from  the  amount  obtainixl  in  the  second, 
the  clifTercmce  should  correspond  to  the  amount  of  molybdenum 
present.  But  Gooch  and  Tairbanks  have  shown  that  thia  is 
not  the  case.* 

Tlic  error  in  the  method  lies  in  the  fact  that  the  vanadic  acid 
ifl  only  reduced  completely  to  VjO,  when  the  solution  is  distilled 
to  one-third  of  its  urigina!  volume.  In  this  case,  however,  the 
niolylxlenum  ia  reduced  further  than  corres|Mtuds  to  the  formation 
of  MojOi;  too  much  iodine  is  liberated  and  too  hiRh  a  \-alue  is 
obtained  for  the  niolybdic  acid  present.  On  the  other  hand. 
if  after  the  addition  of  the  potaiaium  iodide  the  liquid  is 
only  distilled  until  the  iodine  vapora  cease  to  appear  anti  tJio 
solution  is  a  Uglit  green,  the  vanadium  ta  not  completely 
reduced  to  VaO„  and  then  a  too  low  value  for  the  molybdenum 
is  obtained. 

*  Hm  n>cult«  of  Ooocli  and  Fairbanks  have  been  continncd  Ln  every  n* 
■pect  by  SU^fTan. 


DETERStmATtOS  OF  HYPOCHLOHOVS  AOO.  Mj^ 

9.  AhaItsIs  of  Chlorates. 

Tbia  is  carried  out  the  SAm«wayas  tbe  ttOftlvsUof  pyrol\uit« 
(cf.p.663): 

KaO,  +  6Ha  -  KQ + 3H,0 + 3(3, 

TTT  gm.  —  at.  iodine— 1000  c.c.  —  NbjSjO,  wilutiou 


_KC|0,.^_,.„43K,„..KC10., 


60         60 

Many  oxidizinK  agents  can  be  doiormine<i  imtimotrically  with- 
out i)reviouB  dwtillation  with  hydixKlilorit*  acid. 

For  other  nwilHKts  of  unalyiing  chloratpn  iodimotrically, 
coiifliilt  H.  Ditz,  Chem.-Ztg.  1901,  727  uiid  Lutlwr  iiiid  Ruttor, 
Z,  anal.  Chem.  46,  521  (1007). 

10.  Determination  of  Hypocblofou<  Acid. 

This  determination  ia  mado  luo  of  in  tho  analysLa  of  chloride 
of  lime. 

Procedure. — IiiIoataa*dwfifihinK-tul>0  6boul5gmM.of  "chluriilo 
of  lime  "  arc  introduced,  and  thf  Htoppoi^  tiit>e  in  wcighod.  ItH 
contents  arc  wa«hod  into  a  purcL'luin  di«h,  rulilx-il  u*  u  \ituiiahy 
means  of  a  pestle,  and  then  tmnHforn>d  without  Ionh  to  n  UM-co. 
meft8uring-fla«k,  diluted  up  to  tlijj  mark  wil  h  wnler  and  W(>ll  dhakon. 
Of  this  turbid  solution,  20  c.c.  are  run  into  10  c.c,  of  10  per  rent. 
potassium  iodide  solution,  and  after  acidifyinf;  with  hydrtjchloric 

acid  the  iodine  set  free  In  titrat4»d  with  '^  Ka^>,.    Thu  nwult 

I0  expressed  in  per  cent,  of  chlorine. 

R«mark.—li  the  "  chUmdp  of  Ifme  "  contained  calcium  chlo- 
rate it  will  be  partially  n>duced  by  bydrocliJoric  avid  and 
potassium  iodide  with  liU'rali'^n  of  iodine,  and  c^natiquctitly 
the  results  obtained  for  hypochlorite  chlorine  (bifachinf;  chlorine) 
m'iU  be  too  hieh.  In  thin  case  tbe  hyfxK-htorite  is  l^est  determiuod 
by  a  chlorimetric  procewi  with  anenious  acid  6ie«  p.  701]. 


KIO,+  5KI  +  6HCI  =  6KCIt3Hp+3I„ 

and  the  iodine  is  titrated  with  t}uoiJu1pIiut«  tiulutiuu  tut  described 
on  p.  647. 

la.  The  Analysis  of  Periodates. 

1000  ex.  ^  Na,SA=^'--s'-=2.390  gms.  HIO.. 

The  analysis  of  periodates  is  carried  out  exactly  as  with 
iodates;  the  reaction  that  takes  place  is 

KIO, + 7KI  +  8HCI  -  SKCl  +  411,0  +  41,. 

13,  Analysis  of  a  Mixture  of  lodate  and  Periodate.* 

If  a  nnutral  or  slightly  alkaline  solution  of  an  alkuli  ponodate 
is  treated   with  a  solution  of  potassium  iodide,  the  following 

reaction  takes  place: 

KIO,+  2KI  +  H,O=2K0H  f  KIO,-!-I,. 

The  liberated  iodine  is  titrato<l  with  tenth-normal  araenious 
acid  (not  with  sodium  thiosulphutc) ;  in  a  ni?utrai  solution  the 
iodate  does  not  react  with  potassium  Iodide.  For  the  uialysia 
of  a  mixture  of  todato  and  periodate,  the  follon-ine  procedure  is 
uoed: 

In  one  sample  the  iodat«  +  periodate  is  determined  by  adding 
the  solution  of  the  substance  to  an  acid  solution  containing  an 
excess  uf  potasiiium  iodide  and  the  liberated  iodine  ts  titrated 
witii  sudium  thiosulphate  solution. 

A  second  sample  of  the  substance  is  dissolved  in  wator,  a  drop 
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of  phennlphtlialeiii  added,  and  the  solution  is  made  just  alkaline 
cnougli  to  give  the  pini:  color  with  phciiolphthalein,  adding  alkali 
if  the  solution  ia  acid  and  hydrochloric  acid  if  the  solution  ia 
Btrongly  nlkalinc.  To  the  hardy  atkalino  solution,  10  c.c.  of  a 
cold,  fiaiuratcd  solution  of  sodium  bicarbonate  arc  added  and  then 
an.  excess  of  potaasium  iodide;  the  liberated  iodine  ia  at  once 
titrated  with  tenth-normal  arsenioua  acid.* 

Example. — lu  a  mixture  of  KIO,  and  KIO,  weighing  a  grama, 
the  iodine  liberated  on  treatment  with  an  acid  jsolutiou  of  KI 
reacts  with  T  c.t.  of  U.l  N  NajS,0,  and  the  same  weight  of  sample 
liberates  in  alkaline  solution  only  enough  iodine  to  react  with 
I  c.c.  of  O.lN  .'ViSjOj  solution.  By  comparing  the  oquationtt  given 
under  I3  and  13,  it  is  evident  that  the  perioJate  alone  would 
react  with  41  c.c.  of  O.lN  XajS,0,  in  acid  aolution.  Tho  amount 
of  KlOt  and  KIO,  present  will  be 

(X0.01150  gm.-'^^''^%  KIO,, 
(r-40XO.m307  g^.^(7'-40x0.3567^^  ^^^^ 


14.  Analysis  of  lodtdes.f 
Method  of  H.  Ditlz  and  B.  M.  Mnryoxches. 


N 


1000  e.c.  -  KIO,    ^ 


51     5X126.9 
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10, .W  gra.  iodine. 


Tlic  aolution  of  the  iodide  is  treated  with  an  oxnesa  of  tenth- 
normal potassium  iodatc  solution,  acidified  with  liydrochlorio 
acid,  a  piece  of  calcite  added,  as  suggested  by  Prince, t  and  boiled 
until  all  the  iodine  ia  expelled.  The  solution  is  allowed  to  cool, 
then  an  cxceas  of  potassium  iodide  ia  added,  and  the  iodine  uow 


•The  iodiiut  cannot  be  titntt«d  in  the  nlkallne  «olution  witli  aoJium 
thlosulplmtn.  luid  tbu  uiKlinc  in  the  acid  tiolutcon  cannot  be  tilmlvd  with  thv 
ancniuiLU  acid, 

tau-ra.ziiE,.  1904, 11,  noi. 

X  l«aug.  DicBort.  Zurich,  1010.  • 
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liberated,  which  corrnsponda  to  the  excess  of  potfissium  iodato 
used,  is  titrated  with  tenth-normal  Xa,S,0,  solution. 
From  the  equation 

laO,  +  5ia  +  6HCI  =  6KC1  +  -illfi  +  3I„ 

it  is  evident  that  (ive-sixtlis  of  the  iodine  Hbcralcd  comes  from 
the  iodide.  If,  therefore,  T  c.c.  of  O.lN  KIO^  wolutiun  were 
added  mid  t  c.c.  of  O.lN  Na^jO  were  used  for  titrating  the 
excess  of  KIOj,  then  there  in  present 

(r-0XO.OIO5Sgm,  iodine  as  iodide. 

15.  Determination  of  Copper  with  Potassium  lodate.* 

Potassium  iodatc  in  dilute  hydrochloric  acid  solution  is 
reduced  by  potassium  iodide  to  free  iodine  (cf.  p.  070): 

KIO,+5KI  +  6IICI  =  0KCl+3I,+3H,O, 

but  if  the  (solution  ifi  stmngly  acid  with  hydrochloric  acid  and  an 
excess  of  the  iodatc  is  added,  the  iodine  ia  oxidized  to  ICl: 

2I,+  KI0,+eHCI  =KCl+5ia  +  3H,0, 

and  in  this  case  the  whole  reaction  may  bo  expressed  by  the 
equation : 

K10,+2KI  +  eHCl  =  3KCI-|-3ia+3H,0. 

The  ICl  IB  not  very  stable,  and  is  at  once  reduced  to  free  iodine 
in  the  presence  of  any  oxidizable  substance. 

L.  W.  Andrew  t  haa  shown  that  quite  n  number  of  reducing 
substances,  mich  as  free  iodine,  iodides,  arsenites,  and  antimonitcs, 
can  be  titrated  with  potassium  iodatc  very  exactly,  by  taking 
advantage  of  the  fact  that  when  the  reducing  agent  is  present 
in  excess  free  iodine  is  formed,  which  is  oxidized  quantitatively 
by  more  lodate,  pro^-ided  the  proper  amount  of  hydrochloric  acid 
is    pre5*ent.     Copper    solutions    arc    precipitated    quantitatively 

*  JamicsDD,  Levy,  and  Wella,  Jour.  Am.  Chem.  Soc.,  SO,  700  (1008). 
.     t/WJ-.S5."M(1003). 
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by  potassium  thiocyatiato  and  Bulphuruus  ncid  as  cuprous  thio- 
cyaimte,  CiiSCN,  und  Parr*  has  tistimated  copper  quantita- 
tively by  titrating  tliis  precipitate  with  pemmnganate.  The 
oxidation  is,  however,  simpler  and  moro  accurate  when  the 
titration  is  effected  by  potassium  lodate,  or  biiodatP.  The 
reaction  goes  through  the  stage  in  which  iodine  is  set  free,  but 
the  latter  Is  oxidized  Doniplelely  to  iodine  chloride  upon  the 
addition  of  more  iodiite: 

(a)     2CiiSCN-|-3KIO,+  4HCl  =  2CuSO.  +  I,+  ia+2HCN+3Ka 

(&)    SIj+KIO.+  QHa-KCl+rilCl+SHA 

and  the  whole  reaction  is  (multiplying  (a)  by  2  and  adding  (b)), 

<c)   4CuSCN  +  7KIO3  +  14HC1 = 4CuS0« +7ICI + 4HCN  +  7KC1 
+5H,0. 

The  potaaatum  iodate  solution  is  very  stable  and  can  be 
preservod  for  years  if  protected  from  evaporation.  The  standard 
sohition  used  can  be  prepared  by  weighing  out  a  known  amount 
of  the  pure  salt  and  dissolving  to  a  definito  volume,  or  the  solution 
may  be  standardized  against  pure  copper,  carrj'ing  out  the  process 
as  in  an  analysis,  A  coiivunieut  concentration  is  one-fifth  of  the 
formula  weight. 

Procedure. — To  0.5  gin.  of  the  ore  in  a  200  c.c.  flask,  add  6  to 
10  c.c.  of  strong  nitric  acid,  and  boil  gently,  best  over  a  free  flame, 
keeping  the  flaak  in  constant  motion  and  inclined  at  an  angle 
of  about  45",  until  the  larger  part  of  the  acid  has  been  removed. 
If  this  docs  not  completely  decompose  the  ore,  add  5  c.c,  of 
strong  hydrochloric  acid  and  continue  the  boiling  until  the 
volume  of  liquid  is  about  2  c.c.  Now  add  gradually  and  carefully, 
best  after  cooling  somewhat,  12  r.c,  of  sulphuric  acid  (1:1), 
and  continue  the  boiling  until  sulphuric  acid  fumes  are  evolved 
copiously.    Allow  to  cool,  add  26  c.c.  of  cold  water,  heat  to 

*  J.  Am,  Cbem.  Soc.,  SS,  085  (1900). 
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boilinE,  and  keep  hot  until  the  soluble  sulphates  have  rfissolved. 
FiHflr  into  a  beaker,  and  wash  the  flask  and  filt*^  thoroughly 
with  cold  water.*  Nearly  neutralize  the  filtrate  with  ammonia 
and  add  10  to  15  c.c.  of  strong  sulphur  dioxide  water.  Heat 
just  to  boiling  and  add  5  to  10  c.c.  of  a  10  per  cent,  solution  of 
ammonium  ihiocyanate,  acrording  to  the  amount  of  copper 
present.  Stir  thoroughly,  allow  the  preeipitate  to  settle  for  5 
or  10  minutes,  filter  on  paper,  and  wjish  with  hot  water  until 
the  aiamonium  thiocyanat*  is  completely  removed. 

Place  the  filler  with  ita  contents  in  a  glass-stoppered  bottle 
of  about  250  c.c.  capacity,  and  by  means  of  a  piece  of  moist 
filtor-papor  transfer  into  the  Ijottle  also  any  precijMtatc  adhering 
to  the  stirring-rod  and  beaker.  Add  to  the  bottle  about  5  c.c. 
of  chloroform,  20  c.c.  of  water  and  30  c.c.  of  concentrated  hydro- 
chloric acid  (the  two  latter  hquiils  may  Ijc  pi-pviously  mixed). 
Now  run  in  standard  potas^iuni  iodate  solution,  inserting  the 
Stopper  and  shaking  vigorously  between  additions.  A  violet 
color  appears  in  the  chloi-oform,  at  first  increasing  and  then 
diminishing,  until  it  disap{jears  with  great  sharpuefis.  The 
rapidity  with  which  the  iodate  solutiun  may  be  added  can  bo 
judged  from  the  color  changes  of  the  chloroform. 

In  onler  to  make  another  titration  it  is  not  nccessiar>'  to  wash 
the  bottle  or  throw  away  the  chloroform.  Pour  off  two-thirda 
or  three-fourths  of  the  liquid  in  order  to  remove  most  of  the 
pulped  paper,  too  much  of  which  interferes  with  the  settling  of 
the  chloroform  globules  after  agitation,  add  enough  properly 
diluted  acid  to  make  aI>out  50  c.c.  and  proceed  as  before,  la 
this  case,  where  iodine  monochloride  i.*i  present  at  the  outset, 
the  chloroform  becomes  strongly  colored  wth  iodine  as  soon  as 
the  cuprous  thiocyanate  is  added,  but  this  makes  no  difference 
with  the  results  of  the  titration. 

•  With  sutiBtanrc*  containing  -ipprefialile  amounts  of  nilver  a  few  dro|M  of 
liydt«chlorin  acid  bHouM  Iw  luhlnl  Ijtiforo  making  this  filtratiaii,  luit  not 
Wiou|^  to  (I  iwiul  ve  any  conKideRible  amouDta  of  the  lead  sulphate  or  antimonia 
izide  that  may  be;  pruseut. 


DETEimiSATlON  OF  CHROMIUM  IN  CHROMtTB. 


1 6.  Analysis  of  Soluble  Cbronutes. 

A  concentrated,  acid  aolutinn  of  potjisi-uim  indide  is  treated 
with  a  wpiphcd  amount  of  the  chromate,  diluted  with  water^ 
and  the  liberated  iodine  titrated,  (Cf.  stand firdijiation  of  sodium 
tliioaulphnt*^  ftfininst  potassium  dichfomate,  p.  &49.) 

i6b.  Detennination  of  Chromium  in  Cbromite. 

About  0.2  gm.  of  the  finely  powdered  chromito  is  intimately 
mixed  with  2  gnis.  of  aodtuni  peroxide  in  n  porcelain  crucible. 
This  crucible  is  placed  inside  a  larger  porcelain  crucible  and 
heated  for  fifteen  or  twenty  ininutea  over  a  small  (lame  *  At  the 
end  of  tliis  time,  all  the  L'hruntium  will  be  convei'te<l  into  soluble 
sodium  clironiute.  The  crucible  and  its  contents  are  placed  in 
100-200  c.c.  of  water,  which  is  heated  to  boiling  and  kept  at  this 
temperature  until  the  melt  is  completely  disintegrated.  The 
ferric  oxide  is  tlien  filtered  off,  the  filtrate  evaporated  in  a  porce- 
lain dish  nearly  to  dryness,!  the  residue  taken  up  in  as  little 
water  as  possible,  10  c.c.  of  concentrated  hydrochloric  acid 
and  one  or  two  grams  of  potassium  iodide  added,  Uie  solution 
dilutwl  to  about  4i)0  c.c,  and  the  free  iodine  titrated  with  tenth- 
normal thiosulphatc  solution: 

1  c.c.  ^  Ka,S,O,  =  0.001733  gm.  Cr. 

17.  Determination  oi  Lead  Peroxide. 
Method  0/  Diehl,  moflified  l>y  Topf.X 
The  analysis  depends  up<jn  the  fact  tliat  lead  [jcroxide  is  re- 
duced by  meamt  of  poiasHiuni  iodide  in  acetic  acid  gulution  when 
considerable  aJkali  acetate  if*  present; 

Pb0,+  4HI  =  PbI,-f2H,O+I,. 

After  diluting  witli  water  the  iodine  is  titrated  with  t^:  Nn,S,0, 
solution. 

*  If  Lh«  cnirihlc  w  [watini  Ujo  liol,  it  U  liktly  to  ttc  strvnKly  ntlackwl  by 
tho  Bodium  prnixitlir.  With  caiv!,  n  sinRlv  crucilile  may  be  used  for  four  or 
iUt  tli^icnniitatiuiui. 

t  The  tvApuratton  to  drynow  is  neccMutry  to  remove  llie  lust  trocca  of  per- 
oxidn. 

J  Uirlil,  Din^.  polyt.  Joiim,,  SIC,  p.  VM,  Had  Tapt,  Zeitachr.  f.  analyt. 
Chem.,  XXVI  (1887),  p.  296. 
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Procedure. — About  0.5  gms.  of  the  substance  arc  dissolved  with 
1.2  gms.  of  potassium  iodide  and  10  gms.  of  sodium  acetate  in 
6  c.c.  of  5  per  cent,  acetic  acid.  The  solution  is  dUutetl  with 
water  to  a  volume  of  25  c.c.  and  titrated  with  sodium  ihiosulphate. 

Remark. — Moist  lead  peroxide  reacts  almost  instantly  on 
under^oinK  the  above  treatment;  thoroughly  dried  material,  on 
the  other  hand,  dissolves  after  a  few  minutes  provided  it  is  finely 
ground.  If,  however,  the  dry  peroxide  is  in  the  form  of  coarse 
grains,  it  may  be  several  hours  before  the  reaction  is  finished, 
or  the  decomposition  may  be  incomplete. 

Furthermore,  too  much  potassium  iodide  should  not  be  used, 
MOtherwiw;  lead  iodide  will  separate  out.  In  that  case  from  3  to 
6  gms.  more  of  sodium  acetate  are  added  and  a  few  cubic  ceuti- 
mctcni  of  water.  The  mixture  is  shaken  until  the  lead  iodide 
haa  dissolved  completely  and  not  till  then  diluted  to  a  vulumc  of 
25  c.c.  The  solution  must  remain  perfectly  clear  and  there 
should  not  bo  a  trace  of  lead  iodide  precipitate. 

This  excellent  method  may  also  be  used  by  the  analysis  o£ 
minium  (red  lead). 

i8.  Determinstion  of  Ozone  in  Ozonized  Oxygen. 

1000  C.C.  ^  Xtt^A-^*-^=2.4  gm.  O,. 

(o)  SchUnbcin's  Method. 

The  most  accurate  method  for  estimating  ozone  consists  in 
allowing  the  ozonized  oxygen  to  act  upon  potassium  iodide  solution 
whereby  f  reo  iodine  is  farmed: 

2KI  +  O3  +  H3O  =  2K0H  + 12  +  Ofc 

and  the  iodine  may  be  titrated,  after  acidifying  the  solution  with 
dilute  sulphuric  acid,  by  means  of  N710  sodium  thiosulphate. 

It  is  not,  however,  immaterial  whtHher  the  ozone  reacts  with 
a  neulvfd  or  with  an  acid  Holution.  In  the  latter  case  far  too  much 
iodine  is  liberated,  although  in  the  former  case  exactly  the  right 
amount  is  aet  free.     Sir  B.  C.  Brodie  *  caUu<l  attention  to  this 

tPbiJ.Traiifi.,  ICi,  43A^S4  (1872). 
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fact  in  tiU  classic  researches  on  ozone.  Brodic  confirmed  the 
renults  oblBinctl  of  his  titralions  by  wvighing  the  amount  of  ozone 
used  in  the  experiments.  This  work  of  Brodic'a  appears  to  have 
been  forBolU'n,*  fur  many  other  chemists  have  since  that  time 
attempted  lo  work  out  an  iodimetnc  method  for  estimatinj{ 
ozone,  some  using  acid  solutions  of  potassium  and  iodide  and  some 
neutral  i^nlutions  to  absorb  the  gas,  allliough  for  a  long  time  it 
occurred  to  no  one  else  that  the  i-esults  could  be  checked  by  weighing 
out  a  definit«  amount  of  ozone  for  test  experiments.  In  1901, 
however^  this  was  done  in  a  very  simple  way  by  R.  Ladenburg 
and  K.  Quaaig.t  who  were  without  knowledge  of  Brodie's  work. 
Their  method  consisted  in  weighing  a  glass  bulb  of  known  capacity 
which  was  provided  with  glass  atop-eocks,  fillinj?  it  with  oxygen 
and  then  weighing,  The  oxygen  was  th^eji  replaced  by  ozone,  w 
that  the  gain  in  weiyht  mtdtipHed  by  three  repreaenled  the  amount 
0/  ozone  present. 

In  order,  now,  to  titrate  the  ozone,  Ladenburg  and  Quasig 
expelled  the  gas  from  the  bulb  by  distilled  water,  and  conducted 
it  slowly  through  a  neutTol  solution  of  potassium  iodide  which 
was  8ub.se(|uently  treated  with  an  equivalent  amount  of  aul- 
phuriV  acid  and  the  liberated  iodine  titrated  with  N  sodium  thio- 
Bulphnto. 

The  results  of  Lad-inhurg  and  Quasig  have  been  carefully 
tested  in  the  author's  laboratory!  and  the  method  improved 
Bomuwimt  by  absorbing  the  uzuinzed  oxygen  by  potassium  iodide 
Bolution  in  tht-  ghiwM  bulb  itself  rather  than  expelling  the  gaa  from 
the  bulb  ami  pii.ssing  it  into  the  iodicEo  solution. 

The  pf^tiniatinn  of  ozone  by  weighing  is  a  much  too  round- 
about priK'i-wi  to  permit  a  ]iractical  application,  particularly  on 
account  of  the  fact  that  the  measurement  and  weighing  of  the  gas 
must  take  place  in  a  room  at  oonstant  temperature,  a  conditioD 
which  c^anntit  iti  many  ca«es  be  readily  fulfilled.  CcmHequenlly 
the  volumetric  titration  uf  the  gas  is  far  more  practical. 

Procedure. — A  glass  bulk  of  about  300  to  -HlO  e.e.  eapaeity,  of 
the  form  shown  in  Fig.  !>o,  is  procured  and  its  volume  accurately 

*L<itlier  and  In^,  Z.  phye.  Cbom.,  48,  208  <1W3). 

tBor.  SI,  1184(1901). 

;  Trcadwell  and  Aimiilcr,  Z.  ooorg.  Cbem.,  48,  66  (1006). 
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doterminod  by  woighing  it  empty  and  then  fillwl  with  water, 
applying  the  correction  for  t^^mperature  asdrscribpdon  p.5]7ct  scq. 
The  bulb  is  then  connected  with  a  gas  deliver}-  tube,  making  use 
of  Babo  flanged  joints  (Fig.  Oo,  c  and  d)  which  are  pressed  together 
by  means  of  a  steel  clnrop,  lined  with  cork.  The  deliverj*  tube 
is  connected  with  the  supply  of  oxone  and  oxygen,  with  which 
the  water  in  the  bulb  in  replaced.  During  the  filling  of  the  bulb, 
but  little  of  thy  uxuue  js  absorbed  by  the  water.     \Mien  the 


S 


Fio.  95. 


Fia.  9K. 


Fio.  97. 


tube  is  filled,  the  lower  9top-cock  is  closed  first  and  the  upper  one 
a  few  seconds  later,  TKe  bulb  is  then  disconnected  with  the  gas 
delivery  tube,  inverted,  the  upper-stop  cock  opened  quickly  for 
an  instant  in  order  to  establish  atmospheric  prtwaure  in  the  bulb, 
uid  then  connected  by  means  of  rubber  lulling  with  the  gas 
reservoir  N  which  is  filled  with  doublc-iiornml  potassium  iodide 
solution  (Fig.  97)-  The  air  imprisoned  in  the  rubber  tubing  is 
allowed  to  escape  through  the  three-way  stop-cock  h  and  after 
properly  setting  the  cockj  about  2U  to  30  c.c.  of  thu  iodide  soLutian 
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are  introduced  into  the  bulb.  Finally  the  stop-cock  b  is  closed 
aud  the  rubber  tubing  dieconnectcd  The  contents  of  the  bulb 
are  vigorously  shokeo  and  allowed  to  stand  for  half  an,  hour; 
at  the  end  of  this  time  the  absorption  of  the  ozone  will  be 
complete. 

An  Krlenmcyer  fiask  is  then  placed  under  the  stop-cock  h'] 
this  \^  opeiu'ii  lind  immediately  afterwards  the  \ipper  stop-cock  also. 
The  bulb  is  washed  out  first  by  introducing  some  potassium 
iodide  solution  through  a  and  finally  with  pure  water.  The 
contents  of  the  flask  are  then  acidified  with  dilute  sulphuric 
acid  and  the  liberated  iodine  titrated  with  tenth-normal  sodium 
thiotiulphute. 

The  computation  takes  place  as  follows: 

Contents  of  the  bulb  =  V  c.c. 
Ozone  found  by  titration  =  p  gras. 

Temperature ^(,    barometer    reading^J?,    aqueous    tension 
The  volume  of  the  bulb  at  0"  and  760  ram.  pressure  is 


Vo= 


r(g- H0273 
760(273-1-0 ' 


When  filled  with  oxygen  this  would  weigh,: 


32-^1, 
22,391 


gma. 


Therefore  tho  weight  of  oxygen  and  ozone  in  the  bulb  M 

32Ko     p 
22,391     3' 

and  the  per  cent,  of  ozone  in  the  mixture  is 
100  n  «.71 7.300  p 


32V'o      - 
22^91     3 
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C&)  Method  of  Soret-Thmnrd* 

Ozone  is  abwrbcd  quantitatively  by  means  of  sodium  arsem'tQ 
solution  in  acnardancc  with  the  following  equation: 

Na^Oa  +  08 = Naj  AsO*  +  O,, 

although  A.  Ladcnburg  f  finds  that  the  absDrptlon  takes  plape 
much  more  alowly  than  by  means  of  potassium  iodide.  When, 
therefore,  the  ozone  is  passed  through  the  arsenit^?  solution,  there 
is  danger  of  getting  too  low  results.  If  the  absorption  takes  place 
in  a  glass  butb,  however,  the  results  arc  good. 

Ozone  is  also  absorbed  by  alkali  bisulphite  X  solutions  and  may 
be  estimated  in  this  way,  by  titrating  the  excess  of  bisulphite 
with  iodine.  Ladenburg,§  however,  has  shown  that  the  method 
is  not  as  accurate  as  the  potassium  iodide  one,  so  that  it  wul  not 
be  considered  further  here. 

19.  Determination  of  Hydrogen  Peroxide.  Kingzatt's  Method. I| 
1000  c.c.  ~  Na^A  Holution  =  '-^^=^~i^=1.7008  gma.  H,0,. 

The  hydrogen  peroxide  solution  is  diluted  until  its  HjO, 
content  corresponda  to  about  O.G  per  cent,  by  weight  and  of  this 
solution  10  c.c.  are  used  in  the  analysis. 

Procedure. — .-Vbout  2  pms.  of  potaaaium  iodide  are  placed  in  an 
Erlenmeyer  flask  and  dissolved  iu  200  c.c.  of  water,  30  c.c.  of 
gutphuric  acid  (1:2)  are  added,  and  then,  with  constant  stirring, 
10  c.c.  of  the  hydrogen  peroxide  solution  are  added  from  a  pipette. 
After  st-anding  five  minutes,  the  iodine  liberated  in  accordance 
with  the  equation 

H,0, + 2KI 4-  H^O.  =  K^.  +  2R,0  + 1, 

ia  titrated  by  means  of  tenth-normal  tlilosulpliate  Bolutlon. 

•  Gorapt,  rcn.i,.  S8.  ■446  <1854),  75,  174  (1872). 
t  Bur.,  SO,  115  (H>03). 

t  Neutrnl  n.lku]i  stiliihilo  is  not  suiublo  hrrv,  b«)cauH  it  ia  Dot  oxidised 
quickly  by  pure  oxygen  nlooe. 
i  loe.  eit. 
II  J.  Cixem.  Soc.,  IfWO,  792. 
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Remark.— Thh  method  is  rather  better  than  that  described 
on  p.  627  Id'cimw  thn  titration  can  take  place  in  the  presence  of 
glycerol^  salicylic  acid,  etc.,  which  are  sometimes  used  as  pre- 
Bcn-nlivps  in  rommort'ial  hydrogen  peroxide  preparations.  These 
subetuncea  will  render  the  results  obtiiineU  by  the  permangmiate 
titration  less  Bccurate. 

30.  Peter minatioQ  of  Iron. 

This  method  was  first  proiKwed  by  Carl  Jlohr  •  and  \a  based 
upon  the  foUowing  reaction: 

^  2FeCl3+2ElF^2UCl4-2FeCl2+Ia. 

As  the  reaction  ig  reversible,  it  is  necessary  to  have  an  excioa 
of  hydriodic  aci<l  present  in  order  tJiat  it  may  take  place  quanti- 
tfttively  in  the  direction  from  left  to  riftht. 

Procedure. — The    hydrochloric    acid    solution    containing    a 

weighed  amount  of  the  ferric  salt  is  place<i  in  a  300-c.c.  glass* 

.stoppered  bottle,  the  greater  part  of  the  acid  U  neutralizeil  by  means 

of  sodium  hydroxide,  and   the  air    removed  by  meare*  of  a 

current  of  carbon  dioxide.     After  this   about  5  gms.  of  potas- 

num  iodide  are  aildud,   tlio  bottlo  cluscd,  Ehakcn,  and  allowed 

to  fiiand  in  the  cu!d  for  twenty  minutra.     The  libcral-ed  iodine 

N 
is  then  titrated  with  —  sodium  thiostilphate  solution.     As  soon 

as  the  bhio  color  has  disapptaroj  f  more  carbon  dioxidfr  is  con- 
ducted through  the  solution,  the  Iwttio  is  stoppered  anil  allowed 
to  stand  for  a  few  minutes  to  see  whether  the  blue  ooLir  will  re- 
appear. Should  this  be  the  case,  more  thiosulphato  is  addc<l, 
the  flask  again  stoppered  and  allowuil  to  stand.  If  a  blue 
color  apain  appears,  the  snliition  eontains  too  little  potassium 
iodide,  so  that  it  is  nccciwary  to  repeat  the  entire  atialysis, 
uaitif!  1-2  Rius,  n^oW!  of  it.  With  STjIfiment  pota*iiimi  Unlide 
and  only  little  free  hydrochloric  arid,  the  reaction  is  always  com- 
plt^tc  al  llie  end  <'f  twenty  minutCR.  Tlio  results  obtained  are 
satisf  actor)'. 

*  Ann.  d.  C'linn.  u.  rturtn.,  lOS,  p.  5i1. 
f  Starch  u  aildctl  in  all  llicw;  Utmtions. 
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21.  Determination  of  Copper.    Method  of  HaSn*-Low.t 
lOCM  c.c.  ~  NajSjOa  solution  =^^=6.3.'57  gms.  Cu. 

Principle. — IE  a  solution  of  a  cupric  salt  at  a  suitable  con- 
centration is  treated  with  an  excess  of  potassium  iodide,  all 
the  copper  is  precipitntod  as  cuprous  iodide,  and  there  is  liberated 
one  atom  of  iodine  for  each  atom  of  copper  present,  2Cu '*"*"  + 
41"— •Cuala+Ij.  The  iodine  is  titrated  with  sodium  thiosidphate 
solution.  The  method  has  been  studied  by  Goocli  and  Heath  { 
who  5tid  that  the  quantity  of  potiLssium  iodide  used,  the  con-. 
centration  of  the  solution,  and  the  quantity  of  acid  present  are 
three  factors  which  mui^t  be  taken  into  consideration.  In  a 
volume  of  50  c.c.  an  excess  of  from  O.G  to  1  g.  of  potassium  iodide 
is  sufficient  to  cause  the  complete  precipitation  of  0.0020  g.  of 
copper  but  in  a  volume  of  100  c.c.  an  cxcc&s  of  from  3  tx)  5  g, 
is  desirable.  In  general,  the  more  dilute  the  solution,  the  greater 
the  quantity  of  potassium  iodide  required.  A  larger  excess  of 
potassium  iodide  docs  no  harm. 

A  little  free  acid  doEis  no  harm,  but  not  more  than  2  c.c.  of 
concentrated  mineral  may  be  present  in  50  c.c.  of  solution. 

If  an  appreciable  amount  of  arsenic  U  present,  mineral  adds 
must  not  be  present  on  account  of  their  tendency  to  bring  about 
the  reduction  of  the  higher  salts  of  arecnic  and  antimony  when 
im  excess  of  potassium  iodide  is  used.  Obviously  the  solution 
must  not  contain  ferric  iron  ur  any  other  oxidizing  agent. 


Standardization  of  the  Thiosulphate  Solution. 

In  technical  work  it  is  custsmaiy  to  atandardixo  tlio  Uiio- 
Fulphatc  solution  against  pure  copper.  Weigh  out  0.2  gm.  of 
pure  Cu  into  a  200'C.c.  Erlcnmeyer  flask  and  dissolve  in  5 
c.c.  oE  S  N  HNOa.    Dilute  with  25  c.c.  water  and  boil  a  few 


•  Ann.  Chpm.  Pharm.,  91,  237  (1854). 
t  TcchTiirtil  Mf ttiixia  of  Ore  AnalysU. 

t  F.  A.  Gooch  and  F.  H.  UeaUi,  Am.  J.  8cj.,  4,  25,  67;    F.  U-  Heat*. 
ibid.,  26, 153. 
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minutes  to  remove  oxides  of  nitrogen.  To  remove  the  last  of 
tLt;  nilruuij  oxidet^.  add  o  c-c.  uf  bromine  water  aod  boil  until 
the  exceiM  bromine  is  expelled.  Remove  Ihe  flask  from  the 
flame  ttiid  add  strong  umitionia  until  a.  slight  excess  is  present. 
After  boiUcig  off  the  excess  of  ammonia,  add  7  c.c.  of  strong 
acetic  acid,  which  disaolves  any  copper  oxide  that  has  dcpofiited. 
Cocl  to  room  tcmperaturt!,  add  3  gois.  of  potii-ssiiim  iodide  and 
titrate  the  bnnvu  solution  with  ttodium  thiosulphate  until  nearly 
colorless,  addinii  atarch  Holutiuu  toward  ihn  last,  and  complete 
titrBtitiii.  lu  umking  Uie  titration  for  the  first  time,  one  is 
butht-'red  somewhat  by  the  fact  that  the  cuprous  iodide  is  of  a 
light-brown  color.     If  ( c.c.  of  the  solution  were  used  in  titrating 

a  gms.  of  copper  then  1  c.c.  of  thioau!phato  =  —  gm.  Cu. 


^ 


DetenDinatLon  of  Copper  in  Ores.    Low's  Method. 


Principle.- — The  ore  is  dissolved  in  acid,  the  copper  separated 
from  iron,  etc.  hy  precipitating  it  upon  mctallir  aluminium,  the 
deposit  dissolved  in  nitric  acid  and  treated  as  in  the  standardiza- 
tion. 

Prnredure.~To  0.25-0.60  gma.  of  fine  ore  weighed  into  a  250- 
c.r.  Krlfnmcycr  finak,  add  G  c.c.  of  I6X.HNO3,  and  boil  gently 
until  nearly  dry.  Add  5  c.c.  of  12  N-  llCl  and  heat  a^ain.  As 
Borm  oA  the  incnistcd  matter  has  disaolved  add  12  c.c.  of  HaftO^ 
(1  :  1)  and  heat  until  the  acid  fumes  ffecly.  Cool  and  add 
'2^  p.c.  of  water.  Tlicn  heat  until  any  nnhydnam  ferric  sulphate 
is  diM.'^oU'ed,  and  filter  to  remove  in6olu)>tc  sulphates  and  nilica. 
Wa-sli  the  flftrtk  and  filter-paper  until  the  volume  of  the  filtrate 
amounts  in  about  75  c.(\,  receiving  it  in  a  No.  2  beaker.  Take 
a  etrip  of  aluininivim,  about  2.5  cm.  wide  and  14  cm.  long, 
bend  it  into  a  triangle  and  place  it  in  the  beaker  rcitting  on  its 
edge.  Cover  the  beaker  and  bdil  gently  for  seven  to  ten  minutes, 
which  will  be  imfficient  to  precipitate  all  die  copper,  provided 
the  solution  <lt>c8  not  much  exceed  75  c.c.  Avoid  boiling  to 
Very  tsnudl  bulk.  The  aluminium  should  now  appear  clean, 
the  copper  being  ilctached  or  loosely  adhering.    Remove  from 
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the  heat  and,  wash  down  the  cover  and  sides  of  the  beak^^r  wiih 
hydrogen  eulphide  water.  This  will  prevent  oxidation  and  will 
also  serve  to  precipitnte  the  la-ist.  traces  of  ropper.  If  the  hydroRcn 
sulphide  shows  that  there  waos  more  than  a  very  little  copper 
remaining  in  solution,  it  is  best  to  dilute  the  solution  to  7o  c.c. 
again  and  to  boil  a  short  time  longer.  This  will  coaKulate  the 
sulphide.  Finally,  decant  through  a  filter  and  then,  without  delay, 
transfer  the  precipitate  to  the  filtei-  with  the  aid  of  a  stream  of 
hydroBensuIphlde  water  from  a  wash  bottle.  Let  the  strip  of  alu- 
minium remain  in  the  beaker,  but  wash  H  as  clean  as  pae!«il>le 
with  the  hydrogen  sulphide  water.  Wa-ih  the  filter  and  precipitate 
at  least  six  times  with  this  hydrogen  sulphide  water,  but  take  care 
not  to  let  the  filter  remain  empty  for  any  length  of  time.  Moi.'rt 
copper  sulphide  oxidizes  very  rapidly  when  In  contact  with  the 
air  with  the  fonnatinn  of  a  little  copper  sulphate  which  will 
dissolve  and  pasa  through  the  filter  only  to  precipitate  again 
-when  it  comes  in  contact  with  the  filtrate  containing  hydrogen 
sulphide. 

Now  place  the  original  clean  flarik  under  the  funnel,  per- 
forate the  filter  and  rinse  the  precipitate  into  the  flask  witli  hot 
water,  using  as  little  as  possible.  Lift  the  fold  of  ths  filter  and 
rinse  down  any  precipitate  fouud  beneath  the  fold.  Using  a 
small  pipette,  allow  5  c.c.  of  strong  nitric  acid  to  run  over  the 
aluminium  in  the  beaker  and  pour  it  from  the  beaker  through 
the  filter  into  tlie  llask,  but  do  nut  wash  the  beaker  or  filter 
at  this  stage.  Itemove  the  flask  and  replace  it  with  the  beaker. 
Heat  the  contents  of  the  flask  to  dissolve  the  copper  and  expel 
the  red  fumes,  then  again  place  the  flask  under  the  funnel.  Now 
pour  over  the  filter  5  c.c.  or  more  of  bromine  water,  using  enough 
to  impart  a  strong  color  to  the  sohilion  in  the  flask.  Next 
wash  the  beaker  and  aluminium,  pouring  the  washings  through 
the  filter.  Finally  wash  the  filter  six  times  with  hot  vat«r. 
Boil  till  the  solution  is  reduced  to  about  25  c.c,  cool  somewhat 
and  add  a  slight  excess  of  strong  animoma  (about  7  c.c.).  Boil 
off  the  exce^  of  ammonia,  add  an  excess  of  acetic  acid,  and  boil 
a  minute  longer.  Cool  to  room  temperature,  add  3  gm.  of 
potassium  Iodide  and  titrate  with  BOdlum  thiasulphat«  solution, 
adding  starch  toward  the  last. 


t% 
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32.  Analysis  of  Arsenious  Acid. 

The  titration  in  effected  in  the  same  way  as  in  the  standard- 

N 
izatlon  of  the  -^  iodine  solutiun,  described  on  p.  650, 


83.  Determination  of  Antimony  Trioxide  Compounds. 
lOUOco.  ^iodine  Boluti«i-^^'-7.ai  g.  8h,a,-6.0Is.  Sb. 

The  titration  is  carried  out  exactly  as  in  the  case  of  Qraenioua 
acid  (cf.  p.  650)  except  that  tartaric  acid^  or  Rochellc  salt,  must 
be  added  to  the  Holution  in  order  to  prevent  the  precipitation  of 
antiniunous  acid,  or  antlraon)'  oxychloride,  as  a  result  o{ 
hydrolysis. 

Examples: 

{a)  Determinatifin  of  Antimony  in  Tartar  Emetic. 

If  an  aquooim  flolution  of  tartar  einetic  be  treated  with  iodine  in 
the  prcBencc  of  starch,  the  first  ftiw  ditips  of  reagent  will  impart  a 
permanent  blue  color  to  the  solution.  If,  however,  a  little  sodium 
jsicarbonatc  is  added  to  the  solution,  the  trivalcut  aiitimony  ia 
oxidized  quantitatively  to  the  pentavalent  couditiou. 

K(6bO)C4H40o  +  eXallCOs  +Ta  - 

"KaaSb04  +  2N'aI+KNftC4H406+3H20+6COa. 

1000  0.0.  -TK  wdme  solution-— i 2()  ^ 

332.34    ,.-,_ 
--^jp- 16.617  gma. 

8.309  gins,  of  tartar  emetic  arc  dissolved  in  water,  the  solution 
diluted  t-o  exactly  .'KM)  e.c.  and  well  mixed.  Of  this  solution^  20 
c.c.  arc  removed  by  a  pipette,  diluted  to  KM)  c.c,  treated  with 
20c.c.  of  2  per  cent,  sodium  bicarbonate  oulutiun.and  titrated  with 


1 
^ 
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tenth  nomml  isudine  solution,  using  itturch  as  an  indicaW-     If 
I  C.C.  are  used  for  tlic  titration^  the  salt  contains; 

1.6617x25Xf    ,  ,  ,   ^  ^ 

r^o =5-i=per  cent,  tartar  oniotic, 


*=-I.S09'/= per  cent,  antimony. 

(6)   Deterttnnation  of  Antimoni/  in  Stihnite. 

Not  over  0.5  gm.  stihnite  is  dissolved  in  a  small  covered  beaker 
by  mr-Ans  of  10  c.c.  concentrated  hydrochloric  acid  (sp.  gr.  1.2), 
The  acid  is  allowed  to  act  in  the  cold  for  about  ten  minutes,  after 
which  the  contents  of  the  covered  beaker  arc  heated  pently  on  the 
water  bath  for  t^n  or  fifteen  minuter.  Three  cms.  of  powdered 
tartaric  acid  arc  then  added  and  the  heating  is  continued  for  ten 
ininut<!s  longer,  but  care  is  taken  not  to  allow  the  liquid  to  evapor- 
ate sufficiently  to  expose  any  part  of  the  bctttom  of  the  beaker. 
When  this  precaution  is  taken,  there  w  no  volalilization  of  the 
antimony,  and  all  of  the  hydrogen  sulphide  is  expelled. 

SbaSs  4-  GIICI  =  2SbCt3 + SUjS. 

The  solution  is  now  removed  from  the  water  bath,  allowed  to  cool 
to  the  room  temperature,  and  vcrj'  cautiously  diluted  with  water, 
which  is  added  at  first  drop  by  drop,  until  a  volume  of  about  100 
c.c.  18  obtained.  If,  in  the  meiuitinnc,  a  red  coloration  due  to 
antimony  sulphide  appears  during  the  dilution,  the  solution  should 
be  at  once  heated  until  it  disappears,  and  the  diluting  then 
continued. 

The  diluted  solution  is  nearly  neutralized  with  ammonia,  but 
is  left  slightly  acid.  The  cold,  slightly  acid  solution  is  poured  into 
a  700  c.c.  beaker  rontaining  3  gms.  of  sodium  bicarbonate  dissolved 
in  200  c.c.  of  water,  starch  paste  is  added,  and  the  solution  titrated 
with  iodine  to  the  appearance  of  a  permanent  blue. 

Remarks. — Antimony  chloride  is  volatile  with  steam  from  its 
concentjated  solutions,  so  that  the  solution  should  not  be  boiled 
until  it  has  been  diluted.     The  heating  on  the  wut«r-bath  can  be 
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carried  out,  however,  without  fear  of  losing  antimony  provided 
the  acid  is  uot  allowed  to  evaporate  to  any  extent.  This  heating 
Ber\'e»  to  remove  all  thu  hydrogt-n  sulphide  which  would  otherwise 
precipitate  the  antimony  a»  tmulphide  upon  diluting  the  solution. 
If  irwuHieient  tartaric  acitl  ia  pn-eient,  antimony  oxychloride, 
SbOCU  precipitate:!  ami  if  the  solution  is  titrated  in  this  condition 
it  is  impossible  to  obtain  a  permanent  en(l-])utnt.  Surh  a  pre- 
cipitate may  be  filtered  off,  dissolved  in  concentrated  hydrochloric 
acid  and  the  solution  treated  by  itself  as  above  d<.!scribed.  The 
value  of  the  iodine  aoluliou  in  tornia  uf  Sb  U  given  in  the  previous 
process  (u). 


34.  Determination  of  Antimony  Pentozide  Compounds 

(A.  Weller).* 

By  heating  a  pentavalent  antimony  compound  with  concen- 
trated kydruuliloric  acid  and  potassium  iodide  in  the  Biinaeu 
apparatus  (Fig.  94,  p.  OG'2),  the  antimonic  acid  is  reduced  iv 
antiuiouous  acid  with  separation  of  iodine: 

Sba06+4HI-SbaOa+2HaO+2l8. 

The  iodine  is  distillBd  over  into  potassium  iodide  solution  and 

titrated  with  —  NadSsOa  aolution.    The  resulu  arc  a  little  low, 

35.  Determination  of  Hydrogen  Sulphide. 

■ 

1000  c.p.  ^  XftAO,  lolution -^ -  ^-l.TM  gmM.  n;3. 

If  a  solution  of  hydrogen  sulphide  ia  treated  with  iodine,  it 
is  oxidised  with  separation  of  sulphur: 

HaS+Ia=2III+R. 

For  the  delennination  of  the  amount  of  the  gas  present  iti 
hydmpen  sulphide  water,  a  nicaBunsl  amount  is  transferred  by 

•  Amuil.,  £13.  364. 
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N"  

means  of  a  pipette  to  &  known  amount  of  —  iodine  sohitlon  mk 

tlie  excesis  of  tlie  latter  is  titrated  with  Ihiomilpbate  sohition.* 

If  the  amount  of  Iiyilrogcn  sulphide  present  is  not  very  largo, 

correct  results  are  obtained  without  difficulty.    With  conadei^ 

able  hydrogen  sulphidcj  on  the  other  hand,  the  deposited  sulphur 

\s  likely  to  enclose  ai>nic  of  the  iodine  solution,  as  shown  by  its 

hniwn  coUir;   this  iodine  espaiies  the  titration  with  thiosulphate. 

In  auph  a  rase,  the  fihii  of  sulphur  fldatinp  on  the  surface  of  the 

Ii*|uid  ia  removed  with  a  plass  rod  after  the  completion  of  tlie 

ihiiisulphatc  titration,  transferred   to  a  glass-stcppered  cylinder, 

and  shaken  with  1-2  c.c.  of  carbon  bi.suli)hide.    The  hitte*  'lis- 

golvcs  the  iodine  with  a  violet  eolor  and  the  eolor  is  discharged 

by  the  addition  of  sodium  thiosulphate  solution.!    In  this  way 

the  total  amount  of  the  iodine  that  remains  ran  be  titrated. 

Remark. — This  method  can  be  used  to  advantage  for  deter- 

mluiug  the  sulphur  present  m  uoluble  sulphides.     The  sulphides 

are  decomposed  as  described  cii  p.  350  by  means  of  at:id,  and 

the  hydrogen  sulphide  cvolveU  Is  conducted  into  a  definite  amount 

N    .     . 
of  T?\  lodme  sohition.    The  excess  of  the  latter  b  titrated  as 

above  with  sodium  thiosulphate  aulution. 

Dcterminalion  of  Hydrogen  Sulphide  m  Minertil  Waters. 

N 

A  mcafiiircil  amount  of  j-r.  iodine  solution  and  2  gn:s.  of  potas- 

shmi  iodide  are  placed  in  a  tall  liter  cylinder,  1000  c.c.  of  the  water 
to  be  analyzc<l  arc  mldcd,  and  after  thoroughly  shaking,  the  excess 

of  the  iodine  is  titrated  with  irrj.  thiosulpliate.    llie  standardiza- 

■  Correct  tnmltit  cannot  ho  obtained  \yy  UtmUng  directly  iritb  iodiiie,  ct. 
O.  Bninck,  Z.  Anal.  Chcm.,  45,  fill  (1006). 

fTbc  wpftmtion  of  tli?  sulphur  into  n  coherent  film  ciui  be  prpvi'nted 
by  sufficiently  diluting;  tht-  solution  with  boiled  water.  0.  Branck  CZ.  anal. 
Chcm.,  la.^-ll)  therefore,  recommends  ueinK  limidivchli-normal  iodino  iiutuul 
of  tenth-normal  dilution,  and  this  is  c«rtaialy  a<lvi.4ablc  in  the  caac  of  small 
quaatili««  of  hydrogen  6iilphide  as,  for  pxaniple,  in  a  minerml  water.  On 
tho  other  band,  when  a  rclalivcly  large  volume  of  bydrogm  nilpliidp  is 
liberated  from  n  sulphide  by  meaiiM  of  ncid  (mm;  p»KC  3M)  it  lo  Hilviaahltt 
to  uitc  teatb'aurmal  iodine,  lu.nthenrisv  the  volume  of  eolution  wiU  be  to« 
laiv>  ualesB  a  rery  small  vci^ht  of  Ribstaace  Id  usea  la  the  analysis. 
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tion  of  the  iodine  solution  used  is  accomplished  by  measuring 

ofE  10  c.c.  of  the  solutiou,  adding  2  gim.  of  potassium  iodide, 

N 
diluting  to  1  liter  with  boiled  water,  and  titmtirig  with  -rr-  thio- 

Bulphate  solution. 


36.  Analysis  of  Alkali  Sulphides. 

1000  cj:.  5^  iodine  Holutton-^^or  ^ -^^-1.604  gms-S. 

A  measured  volume  of  the  alkali  sulphide  solution  in  allowed 
to  run  slowly,  with  constant  stirring,  Into  a  verj'  dilute  solution 
of  iodine  which  is  acid  with  liydrochloric  aoid.  The  excess  of 
iodine  is  titrated  with  sodium  thiosutphate  solution. 


37.  Analysis  of  a  Hizture  of  Alkali  Sulphide  and  Alkali 

Sulphydrate. 

If  a  Bolution  of  alkali  sulphide  and  alkali  sidphydrate  is  treated 
with  an  acid  soluiiun  of  iodine,  tlie  following  reactluti»  take  place: 

(a)  Na,R  +  2HC1  =  2N'aCl  +  H,S„ 
(&)   NaSH  +  Ha  =  NaCl+H^, 
Cc)    H^  +  I,=.2m+S. 

It  is  eWdent  from  these  equations  that  in  the  case  of  the 
sulphide,  the  quantity  of  hydriodic  acid  formed  by  the  oxida- 
tion of  the  hydrogen  sulphide  is  equivalent  to  the  quantity  of 
hydrocliloric  acid  required  to  decompose  the  sulphide;  in  this 
caae,  therefore,  the  acidity  of  the  solution  remains  unchanged. 
In  the  case  of  the  sulphydrate,  however,  which  is  the  acid  salt 
of  hydrosulphuric  acid,  the  quantity  of  hydriodic  acid  formed  ia 
etguivalent  to  twice  the  quantity  of  hydrochloric  acid  required  to 
decompose  the  sulphydrate.  Thus  the  acidity  of  the  solution  is 
a  measure  of  the  quantity  of  sulphydrate  present.  Moreover, 
if  t  cc.  of  tenth-normal  alkali  ts  required  to  titrate  this  acid  then 
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21  c.c.  of  tenth-normal  iodine  must  liave  Ijeen  required  to  oxidizfi 
the  hydrogen  sulphide  from  tlie  sulpliydmte. 

Procedure. — A  knowii  voluiiitr  of  ieiith-normtil  lodlnQ  together 
with  a  known  volume  of  tentU-iKirmul  hydrochloric  acid  *  is 
diluted  in  a  beaker  to  a  volume  of  about  40O  c.c.  and  the  solution 
containing  the  sulphide  and  sulpliydrate  is  added  slowly  from  a 
burette,  with  constant  stirring,  until  the  solution  becomes  pale 
yellow.  Starch  indicator  is  added  and  the  excess  of  Iodine 
titrated  with  tenth-normal  thiuHulphaip  Holullon,  Finally,  the 
acid  in  the  »oluiion  is  titmtod  with  tenth-normal  sodium  hydroxide 
solution. 

CompuUdion. — -In  the  analysis,  the  vnlnmea  of  standard 
solutions  vised  were:  T  c.c.  tenth-normal  iodine;  (,  c.c,  tenth- 
normal thiosulphato;,  t,  c.c.  tenth-normal  hydrochloric  acid; 
t,  c.c.  of  t^nth-normal  sodium  hydroxide:  and  V  c.c.  of  the 
sulphide  mi\tun\ 

Then  {T—t^  c.c.  =  total  volumo  of  iodine  required,  and 
(f,— (j)  c.c,  =  the  volume  of  sodium  hydro.\ide  required  to  neu- 
traliiH!  the  acid  formed  by  the  reaction  with  the  sulphydmte. 
Thea 

(.k-i^J^-  ((.-y  X0.005GOS  gm.  NaSH, 


and 


10,000 


NbjS 


[(r-(0-2((,-Ol,^r^=[(r-ej-2C(,-(,)]X0.0O39O3gms.Na^ 


'20,000 


fire  present  in  V  c.c.  of  snlution. 


*  The  quantity  of  byihocbluric  ucid  pivsenL  niuat  be  sufficient  tu  dvcuuipoee 
all  the  sulphide  and  sulphj'dmta;  an  excess  does  do  itaxm. 
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28.  Analysis  of  a  Mixture  of  Hydrogen  Sulphide  and  Alkali 
Sulphydrate. 

The  RUftlysis  is  carried  out  exactly  as  in  the  case  just  described 
and  the  computation  is  similar. 

Let  r— c.c.  T^  iodine,  (,-c.c.  -^  thiosulphate,  (,— c.c.  -^  acid, 


K 


10 


10 


10 


and  t,=c.c.  ttt  alkali.    Then 


ly 


and 


[Cr-iJ-  ((,-yiX0.O05608  gm.  NaSH 
[i,+2(,-(r+2yix0.00170l  pn.  H^. 


Rtmark. — The  last  two  methods  of  analysis  are  applicable 
only  to  solutions  containing  no  other  compounds  decomposable 
by  hydrochloric  acid  than  sulphide  and  sulphydrate,  and  no 
other  substance  that  will  react  with  indine.  Tlie  analysis  may 
be  carried  out  without  the  addition  of  any  hydrochloric  acid. 
In  tliia  cane  the  solution  of  sulphides  is  diluted  to  about  400  c.c, 
starch  added,  and  the  titration  with  iotjino  carricfl  out  directly. 
The  hydriodic  acid  formed  is  titrated  witb  caustic  soda,  using 
lacmoid  *  as  indicator.     The  reactions  are 

NaSH+2I,-NaI  +  Hl+a. 

H,S  +  I,=2HI+S. 


19.  Determination  of  Thiosulphate  in  the  Presence  of  Sulphide 
and  Sulphydrate. 

A  measured  volume  of  the  Holulion  is  treated  in  a  200-c.c. 
graduated  flask  with  an  excess  of  freshly-precipitated  cadmium 
carbonate.  After  shaking  thorouRldy,  the  liquid  is  diluicj  to 
the  mark,  filtered  thmugh  a  dry  filter  and  100  c.c  of  the  fiitralo 

>  Methyl  omiifCK  cun  Iju  iiwd,  liut  it  is  not  so  uqr  to  diattnguial)  Itie  end- 
pmiit.  riic-nolptithiklrin  workt  wril  Init  m>  Ixittor  th*ii  the  Inaninil.  Ore 
Bhfiuld  liv  lukvn  to  Ihrate  the  acid  against  the  alkali  durinii;  thu  elundnnliBo- 
tion  at  tbfi  name  tUlutioii  as  to  be  used  ia  the  aaalyiis  oad  on  appreciable 
amount  of  carbonate  should  not  bv  preaent. 


693 


yOLUMETRIC  j4H/f LYSIS, 


titrated  with  iodine  sotution.  By  shaking  with  cadmium  car- 
bonate, the  sulphide  and  sulphydrate  are  removed  and  the 
thioBulpliate  remains  in  solution. 

30.  Determination  of  Sulphurous  Acid. 
1000  cc  -^  iodine  ■oluticm-^-'^  =3.203  (t<ii».  30^ 
The  determination  is  based  uiwn  the  folloiviii^  reaction: 
S03+2H30  +  Ia  =  2HI+HsS04, 

the  Hiilphumus  acid  buiiiji  uxidized  to  sulphuric  acid.  If  starch 
is  arlded  lo  a  &ulutiuu  uf  sulphurous  acid,  uiid  a,  titrated  iodine 
solution  is  run  into  it  from  a  burette,  Uie  blue  color  will  not  be 
obtained  until  all  of  the  sulphurous  acid  liat*  bc-en  acted  upon. 
Bunsen,  however^  in  1S54  showed  that  tlii^  M-uailive  reaction, 
which  was  first  used  by  Dupasquler,  will  only  take  place  quanti- 
tatively accordinK  to  the  above  equation  when  the  solution  doea 
not  contain  more  than  0.04  per  cent,  by  weight  of  SO,.  With 
greater  concentrations  uniform  results  are  not  obtained.  This 
irregularity  was  ascribed  U>  the  reversibility  of  the  reaction,  .so 
that  it  was  suggested  tliat  the  titration  bo  pcrf^irmc^i  in  alkaline 
solution,*  thus  removing  the  hydriodic  acid  as  fast  as  it  is  formed. 
But  the  results  then  obtained  are  still  inaccurate.f  Finkener,t 
on  the  other  hand,  states  that  correct  values  will  be  obtained  if 
the  sulphurous  acid  is  allowoil  to  run  into  the  iodine  solution. 

J.  Volhard  £  has  confirmed  the  results  of  Finkencr  and  shown 
that  the  anomalous  results  obtained  on  titrating  sulphurous  acid 
with  iodbc  arc  not  duo  to  the  reversibility  of  the  reictlon,  for 
the  direct  addition  of  20  per  cent,  sulphuric  acid  is  without 

•  Addilion  o(  MrCO,  or  NallCO,  (Fordos  and  (kJio). 

t  E.  Rupp,  Upr..  8i,  a.6H4  (1902).  sUt**  that  it  is  p^mibln  to  obtain  Rood 
nxult*  by  Iho  metbixl  of  FordoHand  Uslis  if  the  sulphurous  acid  is  ttlluwtxl 
to  vA  for  at  least  half  an  tiour  upoii  nil  cxcmh  of  iodlau  in  the  pr^wnce  of 
•odiuTn  hioArhonat«.  The  solution  is  then  titrated  with  sodium  thionulphatc. 
According;  to  E.  Miillcrond  0.  T>ipfonlh:l!cr,  however,  thi.iiti  titcorclic&lly  in- 
correct, (or  the  iodine  tenda  to  form  a  little  bypoiodite:  I,+  ll,Op4HI+  HIO, 
and  tbn  latter   r^nrtx  with  Bodium  thicMuEphAte:    Na^,0i+4H10-f  H,0- 

X  Finkenor-ItoM,  QuautiUlivo  Aaalyiw  (1871),  p.  037. 
i  Ann.  d.  Cham.  u.  Pharm.,  £42,  M. 
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influence.  The  incomplete  oxidation  of  the  Bulphurous  acid  is 
caused  by  the  fact  tlmt  the  hydrbdic  acid  reduces  a  part  of  the 
sulphurous  acid  to  free  sulptiur:  * 

(I)  SO,+  4HI"2Ia+2H20+S. 

If  sulphurous  acid,  whether  dilute  or  concentrated,  is  allowed 
to  nin  into  a  sulutiuii  of  iodine  with  constant  Blirring,  there  is 
ooinplete  oxidation  of  the  SO,: 

(2)  S02+Ia+2H,O=2HI  +  H^,, 

If,  on  the  contrary,  iodine  solution  in  run  into  the  solution 
of  sulphurous  acid,  both  reaetions  will  take  place: 

(3)  3SO,+4HI  +  2H,0  =  2H,SO,+  4HIt+S. 

According  to  Raschig,!  however,  Volhard'a  explanation  is 
also  incorrect,  for  he  finds  that  no  separation  of  free  sulphur  takes 
place  if  Uie  iodine  is  allowed  to  act  upon  sulphur  dioxide  in,  a 
dilute  solution.  RoBchig  believes  that  the  error  that  results 
when  iodine  is  added  to  the  sulphurous  acid  solution  is  due  to  a 
loss  of  SOj  by  evaporation. 

Correct  restdUi  are  alivayn  obtained  if  Oie  sulphurous  acid  i» 
added  slowly,  with  constant  stirring,  to  the  iodine  solution  untU 
the  latter  is  decolorized. 

In  the  analysis  of  sulphites,  the  sulphite  sdiition  is  added  from 
a  burette  to  the  sttlulion  of  iodine  and  hydrochloric  acid. 

*  U  iudinc  volution  i»  widod  slowly  to  a  not  lotMlihitu  ntlphuroua  add 
■ohitian,  a  distinct  aeparation  of  ntlphur  is  soon  apparent, 
t  The  I]  I  aeU  aa  a  oatalyver  aeoofding  to  Volbard. 
]  Z.  Angev.  Chctn.,  IW4,  5S0. 
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Principle. — Formaldehyde  is  quantitatively  oxidized  to  fonnio 
*cid  by  retnaining  in  contact  with  iodine  for  a  short  time  in 
alkaline  solution: 

HCHO  +  H,0  +  T,=.2HI  +  HCOOH. 

iVorffrfurc— The  ofiueiius  solution  of  formaldehyde,  known  com- 
mercially as  "  formaJine,"  contains  ahimt  4()  per  cent,  of  for- 
maldehyde. For  analysis,  10  c.c.  of  the  formaldehyde  solution  an 
diluted  U)  400  c.c,  and  of  this  1  percent,  solution,  5  c.c.  (=>U.125c.e, 


of  the  original  solution)  arc  taken   for  analysis. 


40  c.c.  of  TTj 


iudiue  solution  arc  added,   and   iiiiniediatcly   aftcnvards  stmn^ 

Bodiutn  hydnixide  solution,  drop  by  drop,  until  the  color  r>f  the 

Bolution    is   a    light   yellow;    tl    h    then    placer!    one    side    for 

ten    minutes.      The    Bolution     is    then    acidified    with    hydro- 

N 
chloric  acid,  and  the  unused  iodine  U  titrated  back  with  —  aodium 

thioHulphaU;  solution, 

N 
1  C.C.  r^;  iodine  8o]ution  =  0.00I50l  gm.  formaldehyde. 


32.  Determination  of  Hydroferricyanic  Acid.f 


1000  c-c.  Yy:    iodine  aolution- 


KjFeCCS],      .^2W.2 


■32.y2  gcae.  K,Fc(CX)^ 


10  10 

Principle. — iS  a  neutral  solution  of  potassium  ferricyanide  is 
treated  with  an  excess  of  potassium  iodide,  the  ferricyanide  toD 
is  reduced  to  ferrocyanide  ion  with  separation  of  free  iodine: 
2 -<,Fe(CN),+2KIf^2K,Fc(CN),+I,. 

•ZoitMbr.  f.  anil.  Clicm..  36  (ISUT),  p.  19. 

t  Lameu,  .\iu.  Cbem.,  »1,  240.    Mohr.,  Ibid..  10&,  00. 
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Ijensaen  titrates  the  liberated  iodine  with  sodium  Ihiosulphate, 
but  the  results  are  not  concordant,  because  the  reaction  is  a 
reversible  one.  The  reaction  is  quantitative,  however,  as  Mohr 
first  showed,  if  the  ferrocyanide  is  removed  from  the  solution  as 
fast  as  it  is  formed.  This  is  accomplished,  according  to  Mohr, 
by  cdding  an  excess  of  tine  sulphate,  free  frum  iron,  to  the 
solution.  According  to  the  exijcrimeiits  of  IC.  Miiller  and  O. 
Djcfeuthiiler,  •  the  titration  nhuuld  take  place  in  a  solution 
which  is  as  nearly  neutral  as  possible,  but  nut  in  one  inade  alkaline 
by  the  addition  of  sodium  bicarbonate  (see  p.  09'2). 

MitUcr  and  Diefenthiiier's  Proc4sdurt. — About  0.7  gra.  of  the 
ferrocyanide  is  weighed  into  a  glassf;toppen-d  flask,  diKHolved  in 
about  50  c.c.  water,  and  treated  with  3  gvas.  potassium  iodide 
and  1.5  gme.  of  ainc  sulphate  free  from  iron.  If  an  acid  dilution 
of  ferricyanide  is  to  be  analyzed,  it  is  carefully  nculrBlized  with 
caustic  soda  until  barely  alkaline  and  then  just  acidified  with 
a  drop  of  sulphuric  acid.  Alkaline  aolutioos  muj^t  always  bo 
neutralized  with  acid. 


33.  Determination  of  Phenol.    Uethod  of  W.  Koppeschaar.f 


lOOOco.  j^XavSjO,- 


C,H.C>H      0-1.05 


BO 


60 


-1.607  gms.  C,TI»On. 


Principle. — IF  an  aqueous  solution  of  phenol  is  treated  with 
an  excess  of  bromine,  Die  phenol  is  converted  quantitatively  into 
tribroniophenul: 

C,HjOU+3Br,-3HBr+C,H,Br,(OH). 

The  tribromophcnol  is  a  pale  yellow,  crystalUne  substance  whtoh 
is  quite  insoluble  in  water  (43,700  parts  of  water  dissolve  1  part 
of  tribromophenol).  If,  after  the  rencti<in  has  taken  place, 
potassium  iodide  is  added  to  the  solution,  iodine  is  lil>erated 
corresponding  to  the  excess  of  bromine,  and  by  titrating  tins 


*  Z.  onofK.  Chem..  1010,  418. 
t  Z.  anal.  Chem.,  Ifi,  233  (1876). 
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iodine  with,  sodium  thiosiilphate  aolution,  it  is  easy  to  find  how 
much  bromine  reacted  with  the  phenol. 

Rrguirements. — A  tenth-normal  solution  of  bromine  and  a 
tenth-normal  solution  of  sodium  thiosiilphate. 

On  account  of  the  volatility  of  free  bromine,  Koppescharr 
uses  a  solution  of  potassium  bromatc  and  bromide  which,  upon 
being  acidified,  gives  a  known  amount  of  bromine  in  accordaacc 
with  the  equation: 

KBrO,+5KBr4-6Ha  =  6KCl  +  3H,0+3Br,. 

Thus,  to  obtain  a  tenth-normal  aolution  of  bromino  which  will 
keep  indefinitely,  exactly  2.784  gms.  of  pure  potassium  bromate 
(dried  at  KM)")  and  about  10  gm«.  of  pota-Hsium  bromide  are 
disBolvcd  in  water  and  the  solution  diluted  to  one  liter.  An 
excess  of  bromide  docs  no  harm: 


KBrO,     167.02 


60  60 

5KBr    5X119.02 


-2.784. 


60 


GO 


=  9.918. 


Procedure. — About  0.5  gm.  of  phenol  is  weighed  out  in  a 
weighing  beaker,  dissolved  in  a  little  water,  the  solution  rinsed 
into  a  liter  flask  and  well  shaken.  Of  this  aolution,  100  c.c.  are 
withdrawn  in  a  pipette,  transferred  to  a  second  liter  Ilask,  diluted 
with  water  up  to  the  mark,  mixed  and  170  c.c.  this  solution 
transferred  to  a  stoppered  bottle  of  about  250-c.c.  capacity, 
treated  with  !jO  c.c.  of  the  bromate  solution,  shaken,  acidified 
with  5  c.c.  concentrated  hydrochloric  acid,  shaken  again,  and 
allowed  to  stand  fifteen  minutes.  At  the  end  of  this  time,  2  gma. 
of  potaflsium  iodide  are  added  and  the  liberated  iodine,  corre- 
sponding to  the  excess  of  bromine,  is  titrated  with  tenth-normal 
thiosulphate  solution,  using  starch  as  indicator.  Then  if  (  co. 
of  the  last  solution  are  used  and  the  weight  of  phenol  was  a  gms.: 


(50-0X0.1567 


'%  phenol. 
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Remark. — Before  making  an  anRlysis,  a  blank  experiment 
should  always  be  made  with  the  Imimate  wolution  to  make  sure 
that  its  strength  corresponds  to  the  theoretical  value. 

This  method  w  suitable  for  the  analysis  of  pure  preparations 
of  phenol  (carbolic  acid)  but  not  for  crude  phonol,  creoaote  oil, 
etc.* 


B.  Reductioh  Methods. 

I.  Determinatioa  of  Ferric  Iron  (Freseniuf).! 

In  the  ease  of  all  methods  previously  discussed,  it  was 
necessary  to  reduce  the  iron  to  the  ferrous  condition  l>efore  it 
could  bo  determined  volutnetri'cally.  In  the  following  method, 
first  suggested  by  Penny  and  Wallace,!  but  improved  by  Freaoniua, 
the  Iron  in  the  jerric  condition  may  be  determined  with  accuracy 
and  rapidity. 

The  hydrochloric  acid  solution  containing  ferric  rhloride  is 
titrated  hot  with  stannous  chloride  solution  untU  tl^c  former 
becomes  colorless.  By  this  means  the  ferric  salt  will  be  reduced 
to  ferrous  salt: 

2FeCl, + Sna, = SnCl,  +  2FeCl,. 

Ina-TOiuch  as  it  is  not  very  easy  to  determine  the  end-point 
with  accuracy,  because  the  last  part  nf  the  irnn  is  rediipwl  very 
slowly,  it  is  customary  to  run  over  the  end-point  and  to  titrate 
the  excciui  of  the  stannous  chlori<lc  with  indine  sohitinn 

Roiutiont  Required.  1.  A  Ferric  Chforule  Solution  Containing  a 
Knoum  Amount  of  Iron. — It  is  prpfiare*!  by  dissolving  exactly 
10.03  gma.  of  bright  iron  wire  in  hydrochloric  acid  within  a  long- 
necked  flask  held  in  an  incUncil  position;  the  iron  is  oxidized 
with  potassium  chlorate  and  llie  excess  of  chlorine  ts  completely 


•  J,  Toth,  Z.  anal,  riitni.,  25,  IQO  (1886). 
t  Z.  anal.  Chtmi  ,  I.  p.  26. 
tDiagl.  poly*  -I-'  U».440. 
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expelled  by  boiling.  The  solution  of  ferric  chloride  is  washed 
into  a  liter  flask  ami  cUluU^d  up  to  the  mark  with  water;  50  c.c.  of 
this  Bohition  contain  0.5  ^n\.  of  pure  iron.* 

2.  A  Stannous  Chloride  Solution. — 25  gms.  of  tin-foil  are  heated 
for  two  hours  on  the  water-bath  with  50  c.c.  of  hydrochloric  ooid 
of  fippcific  gravity  1.134  and  a  few  drops  of  chloroplatinic  acid 
in  a  porcelain  dish  which  is  covered  with  a  watch-glass.  After  this, 
150  c.c.  of  hydrochloric  acid  and  an  equal  volurr.e  of  water  are 
added,  the  sohition  filtered  and  diluted  up  to  1  liter.  As  stan- 
nous chloride  ia  oxidized  by  contact  with  the  air,  it  ia  placed 
in  a  flask  which  on  one  side  is  connected  with  the  burette  as  shown 
in  FiR.  87,  p.  556  and  on  the  other  side  with  a  Kipp  carbon  di- 
oxide generator. 

3.  An  Iodine  Soluiwn  Approxivtatehj  Tenth-norpuil. 
Proceilnrt:.~{(i)  Stfliithinlizaiion  of  the  Solutions. 

First  tif  all,  the  Ktaunuus  chloride  and  iiMjinc  solutions  are 
titratotl  a^ain!)t  one  another.  About  2  c.c.  of  the  fonner  are 
mea«nr<><l  fnim  the  burette,  diluted  to  about  00  cc,  a  little  starch 
solutiim  added,  and  the  mixture  titrated  with  iodine  until  a 
blue  color  i^;  obtained. 

Next,  50  o.r.  nf  the  acid  ferric  chloride  solution  containing 
a  knnwn  amount  of  iron  are  titrated  against  the  stannous  chlorido 
solution. 

(b)  Determination  of  Iron  In  Heniatito.  6  gms,  of  the 
6nely-flivi(led  ore  are  ignited  in  order  tn  destroy  any  organic 
matter  which  may  be  present,  then  placed  in  a  long-nocked  flask 
and  boiled  with  concentrated  hydrochloric  acid  and  a  little  f>ota»- 
sium  chlorate  until  the  inin  oxide  is  all  dwsolved,  leaving  behind 
nothing  but  a  white  sandy  residue.  After  this  20  c.c.  more  of 
hydrochloric  acid  are  addeii  and  the  boiling  i.<i  continued  while 
a  current  of  air  is  pa'«ed  through  the  solution,  until  all  the  excess 
of  chlorine  is  completely  removed  and  the  escaping  vapors  will 
no  longer  set  free  iodine  when  passed  into  a  pota.sstum  iodide 
solution.  The  solution  thus  obtained  ia  diluted  to  exactly  500  c.c. 
and  50  e.o.  of  it  are  taken  for  the  analysis. 

*  The  aaeumptioQ  being  mode  tliat  the  Iroa  wire  WWltaltwrt  W.7  per  cent 
purv  Irgo. 
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Example. 

1.  SianxUrrdvaiHon  of  the  reagents: 

2  c.c.  of  stannous  chloride  solution  require 
7.2  c.c.  of  iodine  solution.     1  e.c.  iodine  solution  =■  0.278  c.c.  SnCI, 

50  c.c.  ferric  chloride  solution  (^0.5  gni.  mm) 
require  for  decotorization 30.34  c.c.  SnCij 

and  for  the  titration  of  the  excess  0.51  c.c.  of 
iodine  suUition  =  0.51  X0.28 O.H  c.c.  SnC), 

Consequently,  50  c.c.  f«rrio  chlorixle  solution 
-0.5  gm.  iron =30.20  c.c.  SnCI, 

and  I  c.c.  StiC],-g^-0.01650  Km.  Fe. 

2.  Tiirat^on  of  the  solyiion  to  be  anaiyztd: 

50  c.c.  C  =0.5  fim.  of  iron  ore)  require 18.96  c.c.  SnCl, 

and  for  the  titration  of  the  excess,  0.&4  c.c.  of 
iodine=0.64x0.28 -  0.18  c.c.  SnCI, 

w)  that  0.5  gni.  of  ore  corresponds  to 13.78  c.c.  SnCIj 

and  contain,  therefore,  18.78x0.01656  =-0.3110 grn.Fe, 
and  in  per  cent.: 

0.5:().;iI10=100:a: 
2 -62.20  per  cent.  Fe. 


2.  Determination  of  Ferric  Iron  by  Means  of  Titanous  Chloride 
(Knecht  and  Hibbert).* 

K  n  Fo 

1000  c.=.  — TSn,»oluUon-  — -0.8g.«xyipsn----5.585  g.  P«. 
10  20  10 

Principle.-^li  an  ucid  solution  of  a  ferric  salt  is  treated  with 
titanous  chloride,  the  iron  is  immediately  reduced  in  the  cold  to 
the  ferrous  condition: 

FeCla  +TiCl3  -  TiU*  +  Fedj. 

Preparation  of  Titanous  Chloride  Solution.^A  concentrated 
solution  of  titanous  chloride,  prepared  by  the  electrolysis  of  TiCU, 
can  now  be  obtained  on  the  market.     Such  a  solution  is  treated 


•Bor.  M.  1«£1  (1M3). 


TOO 


yOLUMETRfC  ^UALYStS. 


with  an  equal  volume  of  concentrated  hydrochloric  acid,  boiled,* 
aod  then  diluted  with  ten  timca  as  much  boiled  water. 

The  solution  Is  maintained  in  contact  with  an  atmosphere  of 
hydrogen,  or  carbon  dioxide,  and  kept  in  a  bottle  such  as  is  shown 
in  Fig.  S7,  p.  556  which  is  connected  with  a  burette,  and  in  thia 
caae  with  a  Kipp  hydrogen,  or  carbon  dioxide,  generator  instead  of 
the  soda  lime  tube. 

Standardizf^ion  of  Ihe  Titanous  Chloride  Soliition. — A  ferric 
chloride  solution  known  of  strength  is  prepared  as  described  on 
p-  697,  and  of  this  solution  50  c.c.  are  measured  out  into  a  beaker, 
and  the  titanium  trichloride  is  slowly  added  with  constant  stirring, 
while  a  current  of  carbon  dioxide  is  constantly  being  passed  into 
tho  beaker.  After  the  solution  is  nearly  decolorized,  a  drop  of 
potassium  sulphocyauate  solution  is  introduced,  and  the  addition 
of  titanous  chloride  is  continued  to  the  diaappearance  of  ths 
x«d  color. 

The  analysis  proper  is  carried  out  in  exactly  the  same  manner. 

3.  Determination  of  Ferrous  and  Ferric  Iron  by  the  Titanium 

Method. 

The  ferrous  iron  is  firBt  titrated  by  means  of  permanganate  in 
the  presence  of  monganous  sulphate  (cf.  p.  607)  and  then  the  total 
iron  is  determined  as  above  with  titanous  chloride. 

The  method  can  be  carried  out  very  rapidly  and  the  results  are 
accurate. 

4.  Determination  of  Hydrogen  Perozide.t 

If  titanous  chloriilc  i^s  run  into  an  acid  solution  of  hydrogen 
peroxide,  the  latter  i.s  colored  first  yellow,  tlicn  a  doep  orange,  and 
as  soon  as  the  maximum  depth  of  color  is  produced,  it  begins 
to  fade  upon  the  further  addition  of  titanous  chloride  until  finally 
the  Bolution  becomes  colorless,  which  is  taken  as  the  end-point. 

The  reaction  takes  place  in  two  stages: 

TijOa  +  SHjOs  =  2Ti03  +  3UaO 
2Ti03  +  2Ti303  =  6Ti02 

or  combining  the  two  equations: 

2TiCl3  +  Ha02+2na=2TiC!4  +  2HaO. 

*  Tho  boiling  serves  to  czpcl  Any  hydroffca  sulpbido  Uut  is  preoenk 
tKoMbt  tad  fiibbtrt,  Ber.,  3S,  idu  CldOfiJ. 
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On  account  of  the  fact  that  the  value  of  the  tkanoua  chloride 
solution  is  not  vciy  permanent,  it  is  staodardiacd  against  ferric 
chloride  before  each  scries  of  cxpcriraenta. 

If  (  c.c.  of  titanoua  chloride  solution  of  whi«h  1  c.c.  =  re  grna.  Fe 
were  required  for  the  reduction  of  1  c.c.  of  hydrogen  peroxide,  then 
the  amount  of  the  latter  is 

2Fc:na03=a(:J! 

34.03  Xa( 


■=—  gms.  H3O2 


and  in  per  cent. 


111.7 


30.  46rt(-per  cent.  HjO, 


If  it  is  desired  to  express  the  per  ceut.  in  per  cent,  by  volume 
of  active  oxygen  (cf.  p.  62S)  the  following  proportion  holds; 

I0023a(=per  cent,  oxygen  by  volume. 

According  to  Knecht  and  Hibbert  *  persulphuric  acid  may 
likewise  be  estimated  by  titration  with  titanoua  chloride.  The 
solution  of  the  persulphate  is  treated  with  titanous  chloride 
aolulion  and  the  excess  of  the  latter  is  titrated  with  ferric  chloride 
in  an  atmosphere  of  carbon  dioxide. 

S.  Determination  of  Hypochlorous  Acid  by  Means  of  Arsenious 

Acid. 

1000  e.c.  j^  Ab,0,-3.M6  gtns.  clJorino. 

On  adding  aiseninus  acid  to  a  solution  of  a  hypochlorite,  the 
former  is  oxidized  to  arsenic  acid,  while  the  latter  is  reduced  to 
chloride: 

2NaOa + AsjO,  -  As,0, + 2XaCL 

The  end-point  is  reached  when  a  drop  of  the  solution  added 
to  a  piece  of  io*l<>-starch  paper  will  cause  no  blue  coloration. 

Alkali  hj-pochlorites  and  chloride  of  lime  may  be  analyzed 
by  this  method  and  the  results  obtained  are  more  reliable  than 
in  the  case  of  those  obtained  by  the  iodiinetric  method  described 
on  p.  060^  for  tlie  presence  of  chlorate  lias  no  effect  in  this  case. 
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m.  PRECIPITATION   ANALYSES. 
X.  Determination  of  Silver.    Method  of  Gay-Lussac 

This  exceedingly  accurate  deter miuation,  wliich  is  cxtenaivoly 
used  fur  testing  silver  ailoyii,  dypciids  upun  the  precipitiition  of 
Bilver  cliluride  frum  nitric  acid  aolutioa.  Common  suit  is  used 
OS  the  precipitant. 

Solutions  Required.  I.  Sodium  Chloride  Solution  of  Knoum 
Concentration. — For  convenience,  it  is  customary  to  make  the 
solution  of  such  a  strength  that  1000  c.c.  correspond  to  exactly  5 
gms.  of  silver.  It  is  more  practical,  however,  to  use  a  some- 
what weaker  solution,  consequently  2.700  gms.  of  chemically  r>ure 
salt  arc  dlisolvcd  in  distillod  water  and  diluted  to  1  liter. 

2.  Decimal  Solution  of  Sodium  Chioride. — 100  c.c.  of  the  above 
solution  arc  diluted  with  distilled  water  to  1  liter. 

In  laboratories  whore  silver  determinations  arc  frequently 
made,  ttie  above  solutions  are  made  up  In  much  larger  quanti- 
ties and  kept  in  bottles  similar  to  the  one  shown  in  Fig.  87,  p.  55G. 
The  stronger  solution  is  connected  with  u  100-c.c.  pipette  and 
the  decimal  st^lutinn  with  a  burutte. 

SUxndaTdixaiion  of  the  Sodium  Chloride  Solution.  —  Exactly 
0.5  gm.  of  chemically  pure  silver  is  .^weighed  into  a 
200-c.c.  flask  provideil  with  a  well-ground  glass  stopper,  and 
dissolved  in  10  c.c.  of  nitric  acid  of  specific  gravity  1.2,  freo 
from  chlorine.  The  solution  is  ha-stened  by  heating  on  a  sand- 
bath.  When  the  silver  ha.-;  dksnlvcd,  the  solution  is  heated  to 
boiling  in  order  to  expel  the  nitrous  acid  formed.  The  brown 
vapors  collecting  in  the  &ask  arc  rcniovcd  by  blowing  in  air. 
As  soon  as  no  more  of  these  are  formed,  the  flask  la 
removed  from  the  sand-bath,  and  allowed  to  cool.  To  the 
silver  solution  exactly  100  c.c.  of  tlie  stronger  salt  solution  are 
added,  the  flask  stoppered,  and  vigorously  shaken  until  tlie  pre- 
cipitated silver  chloride  coUecta  together,  and  the  supernatant 
Uqtiid  appears  clear. 
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Afl  the  salt  snlntinn  was  moAe  up  a  little  weak,  the  precipita- 
tion of  the  silver  is  not  quite  complete  anii  coiiscquc-nlly  more 
flodium  rhbride  must  be  abided.  For  this  purpose  half  a  cubic 
centimeter  of  the  decimal  salt  fwjlutinn  is  arlcleri  from  the  burette, 
BO  that  the  solution  runs  down  the  sides  of  the  flask  upon  the 
surface  of  the  lif|uid,  causdng  a  distinct  cloud  of  alver  chloride 
to  be  formed.  The  liquid  w  shaken,  allowed  to  settle,  agam 
treated  with  half  a  cubic  centimeter  of  the  decimal  salt  solution, 
and  the  process  repeated  until  finally  the  a«ldition  of  the  ;alt 
solution  fails  to  protiuco  any  further  turbidity;  the  last  half  cubic 
centimeter  is  not  used  in  the  calculation. 

Example. — 0.5  gm.  of  chemically  pure  silver  {\%%%  fine)  re- 
quired 100  c.c.  of  the  standard  salt  solution+1  c.c.  of  the  decimal 
Bolution,  i.e.,  100. 1  c.c.  of  the  salt  solution  correspond  to  1000 
silver;  *   this  is  the  value  of  the  salt  solution. 

Silver  DeUrmiiuUion. — In  order  to  obtain  absolutely  accurate 
results  it  is  iieeessury  to  employ  the  same  amount  of  silver  for 
the  analyaia  as  was  used  in  the  standardization  of  the  solution, 
cfinseqiicntly  the  approximate  amount  of  silver  present  in  the  alloy 
must  be  determined.  This  can  be  acconifilislietl  by  cujjellatiou, 
or  volumetrically  by  the  method  of  \'olhard,  described  further  on. 

Example. — It  was  found  by  cupellation  that  an  alloy  contained 
about  ^(p[po  fine  silver;  for  the  titration  an  amount  must  be  taken 
which  will  contain  0.6  gm.  of  silver;  we  have  then 

l:0.8-*:0.5 
x=  0.C25  gnu 

We  weigh  out,  therefore,  0.625  gm.  (  =  l2S0t)  of  the  alloy  and 
proceed  exactly  as  in  the  standardization. 

1250  of  alloy  require  for  the  preripitation  of  the  silver  100  cc- 
of  the  standard  salt  BoIution+3  c.c.  of  the  decimal  solution,  i.e,, 
1250  parts  uf  the  alloy  require  100.3  c.c.  of  tbe  standard  salt 


*  For  ronv«nienc«  in  calculation,  0.5  gm.  ot  purt  riltcr  i»  cle«^Bat*d 
by  1000.  0.25  gm.  by  WO,  siul  0.1  ipn.  hy  250,  etc. 

t  If  O.Sgm.-lOOO,  then  0.5:1000-0.025:7;  1-1250, 
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oolution.    Since   lOO.l   c.e.  of  thw  salt  solution  correspond  to 
1000  parts  of  ptirc  silver,  we  have 

100.1  S  1000=100.3:*; 

«-^^^^y^-1002  parts  silver  in  1250  parts  of  aUoy; 
00  that  in  1000  parts  of  Uie  alloy  tiiere  will  be 

1250:1002=]000:a; 


aj=S0I.6  parts  fine  of  silver. 

This  procedure  is  designated  as  the  French  method  in  contrast 
to  the  German  or  Dutch  method.  In  the  latter  ca.9e,  0.5  gni, 
of  the  alloy  (  =  1000)  is  weighed  out  and  the  same  amount  of 
silver  is  added  which  the  alloy  larks  in  fineness.  In  this  w&y 
one  more  weighing  is  nccessarj*,  but  the  calculation  is  somewhat 
simpler. 

Exnmfle. — By  cupellation  an  alloy  is  found  to  contain  f^^ 
silver.  In  order  to  make  the  silver  equal  1000,  200  parts  of 
fine  silver  must  be  added.  For  the  analysis,  therefore,  0.5  gm. 
of  the  alloy  and  0.1  gm.  of  pure  silver  (=200)  are  taken,  dis- 
solved in  nitric  acid,  and  titrated  with  sodium  chloride. 

For  the  titration  of  the  alloy,  100.25  c.c.  of  the  stronger 
aalt  solution  were  required,  or  of  the  decimal  solution,  1002.5  c.c. 
and  for  the  titration  of  1000  fine  silver  (0.5  gm.) lOOl.O  c.c. 


Difference 


1.5  c.c. 


As  1  c.c.  of  the  decimal  solution  corresponds  to  \^t*  silver, 
it  »  evident  that  1.5  c.c.  are  equivalent  to  ^f,  silver.  If  this 
amount  is  addcvi  to  the  assumed  silver  contents  (in  thLs  case  800), 
the  tnie  fincneas  of  the  silver  alloy  will  be  obtained;  i.e.  801.5 
partA  fine  silver. 


•  100.1  c.c.  of  the  8lrong*T  mlt  solution  =  5  pns.  \%%%  silver,  thwi  lOOt  c.c. 
cf  the  decimal  Bolution  corre^poBd  to  Ihe  tune  amount,  and  1  c.c.«f^g 
■Uvw. 
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J.  Detenninatioa  of  Silver  (Volhard). 

1000  CO.  ^  KCNS-^-  '—^  =  13.788  gms.  Ag. 

IF  in  a  silver  solution  eoiitaliiiiig  iron  ammonium  sJum,  free 
from  chloride  but  coataitung  ciKiugh  nitric  acid  to  diKcliurge  the 
brown  color  of  the  iron  salt,  a  snlniion  of  alkali  ffulphonyanatc  U 
added,  white  insoluble  stiver  sulphofvunate  is  precipitated: 

AgNOs + KCNS  =  KNO3  +  A^XS. 

When  all  the  silver  ifl  prccipitat-pil,  the  next  drop  of  the  sulpho- 
cyaiinte  Hohitioii  will  cau»e  a  permanent  rod  coloration  due  to 
the  formation  of  ferric  aulphocyanate. 

Hfffuirrmrnts.  I,  Tenth-riftrmnl  Silver  .'?i'i?m!jon.— Ifl.7fiR  pmH, 
of  f  hem  it-ally  pure  silver  are  disnolved  in  nitric  acid  free  from  chlo- 
ride, boiled  until  the  nitrous  acid*  is  all  removL^d,  and  diluted 
with  distilled  wat«r  to  a  volume  of  1  liter. 

2.  TtnOi-nurrrm!  Potassium  (or  Ammonium)  Sulpfiocj^anaie  Solu- 
lion. — As  both  of  these  saltd  are  hy)i;roiicopi<:  and  caiuiut  be  dried 
without  deconiposilion,  an  exactly  tenth-iK»rmal  solution  cannot 
be  prepared  by  weighing  out  tlie  solid  salt.  Approximately,  tlie 
right  amount  (about  10  gma.  KCNS  or  ft  gras.  NH^CNS)  is  dia- 
Bolved  in  a  liter  of  water  and  the  solution  standardized  against 
the  silver  sohiliiin. 

3.  iTtm-ammonium  Alum  Solution. — A  cold,  saturated  solution 
of  ferric  alum  to  which  enough  nitric  acid  is  added  to  cause 
the  disajipfamnce  of  the  brown  color.  Of  this  indicator  the 
same  amount  is  ui^ed  for  all  titrations,  about  1  or  2  c.c.  for  100  0.0. 
of  the  silver  soluiinn. 

For  tlie  staiidunlization  of  the  sulphocyanate  solution.  20  c.e. 
of  the  silver  solution  are  placed  in  a  beaker,  diluted  with  alxjut 
50  c.c.  of  water,  and  I  c.c.  of  the  indicator  a<ld(Ml.  The  sulpho- 
cyanate solution  is  then  added  from  a  burette,  with  cooslant 
stirring,  until  a  permaaeut  red  color  ia  obtained. 

*  Nitrciiu  acid  rcactfl  with  sulplioryanic  odd,  romting  a  red  ooinpouod 
which  muy  nuily  be  miatakeo  for  ferric  milphocyanale. 
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Determination  of  Silver  in  Silver  Alloys. 

About  0.5  gm.  of  tho  brightly  pitlishecl  niclal  \n  (liflsnlved  tn 
nitric  acid  of  specific  gravity  1.2.  tlic  soIutif>n  bailed  to  cxpcl 
tho  nitrous  acid,  diluted  with  cold  water  to  aliout  50  cc,  and 
aft(T  tho  atlditton  of  1  c.c.  of  the  ferric  aJum  solution  it  is  titrated 
with  the  sulphocyanatc!  solution  as  in  tho  standanlization  of  tho 
latter.  The  presence  of  metals  whose  salts  arc  colorless  does 
not  influeneo  the  accuracy  of  this  determinatinn,  except  tha. 
nierciir>'  niu.st  be  absent  because  its  sulphocyanatcs  arc  insol- 
uble. Nickel  and  cobalt  must  not  be  present  to  any  extent, 
because  their  salts  are  colored,  and  not  more  than  60  per  cent, 
of  copper  ill  an  alloy  is  pcriniKsllile.  In  ca.<«!  more  copper  is  prr-seiit 
the  following  pnjcedurc  must  be  iipetl:  The  BJlver  is  precipitated 
by  nieatii!  of  an  excwm  of  alkali  sulphocyanatc,  washed  completely 
with  water,  tho  funnel  placed  over  an  Erlcnnieyer  flask,  the  a[>ex 
of  the  filter  broken,  its  contents  washed  into  a  flask  by  meaus  o£ 
concentrated  nitric  acid  (sp.  gr.  1  A),  and  the  liquid  heated  to  gentle 
boiling  for  three-quarters  of  an  hour.  As  the  sulphuric  acid 
formed  M'ill  have  some  influence  upon  the  Rul>Kequent  titration, 
the  solution  is  diluted  with  water  to  almut  lOO  c.c,  and  a  con- 
centrated barium  nitrate  solution  is  addtrd  dnip  by  drop  until 
the  sulphuric  acid  is  all  precipitated,  after  whicJi  the  fiilver  is 
titrated  with  siUphocyanate  solution  without  filtering  ofif  tho 
bfcrium  sulphate. 

jBemarA.— From  experiments  in  his  laboratory  carried  out  by 
Osann,  the  author  concludes  that  the  Yolhard  method  is  less 
reliable  than  that  of  Gay-Lusaac.  Apparently  the  experiments 
of  Roitscma  *  indicate  that  the  precipit-atc  adsorbs  potassium 
thioc^'anate.  If,  however,  the  solution  is  slAndardized  against 
very  nearly  the  same  cpiantity  of  silver  (or  the  etiuivalent  amount 
of  silver  nitrate)  as  is  taken  for  aualysis,  this  error  ia  compensated 
and  the  results  arc  very  exact. — (TRANsitATOR.) 


•  Z.  ansew.  Cbem.,  IMM,  G47. 
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3.  Detennination  of  Chlorine. 

(a)  VolhoTd's  Method. 

N  CI 

IOOO0.C.  77;  AitN'OiMjluliun^.vi^S.Megina.  chlorine. 

According  to  Volhord's  original  dircctiona,  the  chloride  aolution 
was  treated  with  t«nth-normfll  silver  nitrate  aolution  and  then, 
without  filtering  off  the  precipitate.  5  c.c.  of  the  ferric-ammonium 
jilurii  3t)luiioti  were  added  and  the  excess  of  silver  titrated 
with  tenth-normal  potassium  or  ammonium  thiocyanate  (see 
p.  705). 

The  resiUta  are  aatiafactorj'  with  large  quantities  of  chloride, 
but  in  the  titration  of  small  qdantitjcs  of  chloride  too  high 
results  are  obtaincMl,  as  was  first  shown  by  G.  Drefhael  *  and 
lattT  confirmed  by  M.  A.  Kosanoff  and  A.  K.  Hill.|  Drcchsel 
showed  that  it  was  impossible  to  get  the  true  end-point  of  the 
reaction,  as  the  red  coloration  gradually  disjipijeared  on  stirring, 
remaining  permanent  only  afl-er  a  considemblc  exress  of  thio- 
cy&natc  had  been  added.  The  reason  for  thia  ia  that  silver 
chloride  in  more  soluble  than  silver  thiocyanate.  Thus  the 
precipitate  gradually  reacts  with  the  red  ferric  thiocyanate,  aa 
follows: 

3AgCI  +  Fe(CNS).  -  3AgCNS  +  Fea,. 

To  avoid  this  error  Drechsel  proceeds  as  follows: 
The  ctUorido  solution  is  placed  in  a  :2UU-c.c.  graduated  fiaak, 
an  c:£ccss  of  O.IN  AgNO,  solution  added,  the  solution  acidified 
with  nitric  acid,  and  the  stoppered  llask  shaken  until  the  pre- 
cipitate coagulates  enough  to  give  a  clear  supernatant  liquid. 
The  solution  is  then  diluted  up  to  the  mark,  thoroughly  mixed 
and  filtered  through  a  dr>'  filter,  rejecting  the  first  10  c.c.  of 
(Utrate.  Uf  the  filtrate,  50  ur  100  c.c.  are  taken,  the  ferric  alum 
indicator  added,  and  tlie  excess  of  silver  titrated  with  O.IN 
thiocyanate  solution.    The  results  thus  obtained  are  excellent. 


•  Z.  uul.  Chora.,  18,  351  (1877). 
t  J.  Am.  Chem.,  3oc.  29,  360. 
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Remark. — V.  Rothmund  and  A.  Burgstaller  ♦  find  that  it  is 
poaaiblc  to  obtain  correct  results  without  filtering  off  the  silver 
chloride  precipitate.  Thej-  heat  the  solution  after  the  addition 
of  the  excess  of  silver  nitrate,  until  the  precipitate  coagulates 
thoroughly,  in  which  form  it  reacts  less  readily  with  a  soluble 
thiocyanate.  After  cooling,  the  ferric  alum  indicator  is  added 
and  the  titration  finished.  Uothmund  and  Biirgslailer  also  find 
that  the  coagulation  of  th©  silver  chloride  precipitate  by  ether  t 
suffices  to  make  the  filtration  unnecessar>\  The  chloride  aolution 
is  placed  in  a  flask  with  tightly  fitting  glass  stopper,  5  c.c.  of 
ether  added,  and  an  excess  of  silver  nitrate  solution.  After 
shaking  a  few  minutes,  the  suppmatant  solution  becomes  clear 
and  the  titration  can  be  finished  with  accuracy. 

(5)  Tt.  Mohr'a  Afelfwd. 

If  the  neutral  solutum  of  an  alkaline  or  alkaline-earth  chloride 
containing  a  few  ilrnpa  of  potassium  chromatc  solution  *  is  treated 
with  silver  Tiitrate  soliitioii,  added  from  a  burette,  a  red  precipi- 
tate of  silver  chromato  k  formed  which,  on  stirring,  disappears  on 
account  of  its  being  decomposed  by  the  alkali  chloride  to  ailver 
chloride  and  alkali  chromate: 

Ag,CrO,+  2NftCl  =2Aga+ Na^CrOi. 

When  all  of  the  chlorine  is  changed  to  insoluble  silver  chloride, 
the  next  drop  of  the  silver  solution  will  impart  a  permanent 
reddish  color  to  the  lit[uid.  For  small  amounts  of  chloride  in 
concentrated  solutions  this  method  gives  very  sharp  results.  If, 
however,  the  volume  of  the  solution  is  too  large,  the  results  are 
not  very  accurate.  In  all  cases,  a  blank  experiment  must  be 
made  to  see  how  much  of  the  silver  solution  is  ncceasar}-  to 
produce  the  red  shade  used  in  the  titration  when  no  chloride  a 
present,  and  this  amount  must  be  deducted  from  that  used  la 
the  antdvsis. 


I 


•Z.  saorg.  Chem.,  62,  330  (1905). 
t  Cf.  E.  Alcfcld.  'I.  anal  Chem.,  48,  79  (190»). 

X  LuDRe  luest  «o>liuin  arwnlalc  aa  indicator,  and  Hub  i«  to  Im  rocommpaded 
oa  aocouat  o£  Uu  ohtiuge  frum  cuLorle«  to  browa  buns  very  easy  to  detect. 
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RemaTk. — If  it  is  desired  to  titrate  fr«*  hydrochloric  acid, 
the  solution  is  first  neutralized  with  ammonia.  In  the  caae  of 
colorles>s  chlorides  having  an  acid  roaciion  (AlClj)  the  sohition  J8 
treated  with  an  excess  of  neutral  sodium  acetate  sohition  and 
then  titrated.  With  colored  metal  chlorides,  the  metal  is  pre- 
cipitated with  caustic  potash  or  sodium  carhonate,  filtered, 
washed,  the  filtrate  acidified  faintly  with  acetic  acid,  and  the 
titration  then  made. 

4.  Dotermtmttion  of  Bromine. 

(o)   Vothard'n  Method.  ',' 

1000 C.C.  ^  AgNO,  i»oIuliOTi-r^-7,'J'Ja.  gma.  bromice. 

The  solution  of  the  bromide  is  treated  with  an  excess  of 
O.IN  silver  ^hitioii  and  the  solution  tilrai-ed  with  ammonium 
thiocyanatej  using  ferric  alum  as  indicator  From  the  required 
volume  of  silver  nitrate,  the  quantity  of  bromine  ie  com- 
puted. 

Remark. — It  19  not  necessarj'  to  filter  off  the  silver  bromide, 
because,  unh'ko  the  chloride,  silver  bromide  ia  more  insoluble 
than  ia  silver  thiocyanatc. 

.  (6)  Fr.  Mohfg  Method. 

Th»  procedure  is  the  same  as  in  the  caae  of  the  chloride  deter- 
lalnatioii. 

S.  Determination  of  Iodine. 

Voihard'a  Method, 

1000  ce.  ^  AgNOfSolutioa-l  -  12.60S  gmt.  Iodine. 

If  silver  iodide  ia  produced  in  a  solution  of  an  iodide  by  the 
addition  of  silver  nitrate,  the  precipitate  will  usually  enclose  a 
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measurable  amount  of  either  the  soluble  iotiitle  or  the  silver  nitrate, 
«o  that  the  analysis  cannut  be  accumpli»hecl  in  the  sanie  way  as 
in  the  analysis  of  chlorides  and  bromides. 

The  solution  la  placed  in  a  glass-stoppered  Hask,  diluted  to 
200-300  C.C.,  and  the  silver  solution  is  adiled  with  vigonjiis  shak- 
ing until  the  yellow  precipitate  collects  together  and  tlie  superna- 
tant liquid  appeara  colorless.  As  long  as  the  solution  appears  milky 
the  precipitation  is  not  oonipleto.  A  little  more  silver  nitrate  is 
finally  added  and  the  solution  a,gain  shaken  in  order  to  precipitate 
any  iodide  in  the  pores  of  the  silver  iodide.  Then  ferric  alum 
solution*  is  nddcH,  the  excess  of  silver  titrated  with  potassium 
Bulphocyanatc,  and  the  iodine  calculated  from  the  amount  of 
silver  used.     In  this  way  Volhartl  obtained  exact  reeulte. 

6.  Determination  of  Cyanogen. 

(o)   Volhard'x  Method. 

1000  C.C.  ^  AgNO,  Bolulion  -  -— ^  -  6.511  gm».  KCN. 

If  an  exces.-!  of  silver  nitrate  is  added  to  a  solution  containing 
potassium  cyanide  and  we  attempt  to  titrate  the  excess  of  the 
former  by  means  of  potassium  sulphocyaiiato,  using  a  ferric  salt 
as  an  indicator,  there  will  be  no  distinct  end-point,  because  the 
silver  cyanide  reacts  with  the  ferric  sulphocyanate: 

3AgCN+Fe(CNS),+3HNO,=3AgCNS+3HCN+Fe(NO,V 
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The  red  color  obtained  in  the  titration  will  disappear  on  stirring. 
If,  however,  the  neutral  cyanide  solution  is  treated  with  an  e-xcess 
nf  the  silver  solution,  then  slightly  acidified  with  nitric  aeid,  di- 
luted up  to  a  definite  volume  in  a  measuring-flask  and  filtered 
through  a  <iry  filter,  the  excess  of  silver  can  then  be  titrated  in 
an  aliquot  part  of  the  filtrate. 

*  Thr  ferric  Milutiiin  iiiuil  not  be  HildM  berr>rR  t)ie  indtne  is  complvtcl]' 
precipitated,  bircausc  in  and  solution  it  nxidiK««  the  hytinoilic  acid  with 
ivpantioD  of  iodine.  Silver  iodide,  however,  is  without  aclJoa  oa  funis 
Halts. 


DBT£RMIfiAT!OH  OF  CHLORINE  ASO  CYaSOGBS.  ?« 

(6)  LkW  Method* 

N  KtJN 

1000 e.e.  7,  AgNO, solution-— —--13.022  pna.  KCK. 
10  G 

On  adding  silver  nitrate  solution  drop  by  drop  to  a  neutral 
or  alkaline  alkali  cyanide,  a  white  precipitate  is  formed  wlieti 
the  two  liquids  first  come  in  contact  with  one  another,  but  on 
stirring  it  rodi&solvca  owing  to  tlie  furniatiun  uf  ptitaimiuni  silver 
cyanide: 

AgCN + KCN  -  Ag(CN),K. 

As  soon  as  all  of  the  cyanogen  i»  transformed  into  potaasium 
silver  cyaaide,  the  next  drop  of  the  silver  solution  will  produce 
a  permanent  turbidity: 

AgCC>02K+Ag\O3  =  KNO3  4-2.\fiCI!7. 

The  total  reaction  is,  tliorefyre, 

'2K(;.V+.\gN0j-KNO3  +  Ag(CN)2K. 

1  Ag  corresponds  to  2  CX  and  tlie  end-point  of  the  reaction 
is  shown  by  the  formation  uf  a  permanent  precipitate. 

The  alkali  cyanide  solution  is  placed  in  a  heaker,  a  little  potaaa* 
iuni  liyuro.\ide  is  added,  and  the  Bolution  diluted  to  a  volume  of 
atmut  100  r.c.  The  beaker  is  platuid  un  a  piece  of  black  glazed  paper 
and  titrateil  with  initistiuiL  stirritig  until  the  turbidity  is  obtained. 

Fur  the  analysJH  uf  free  hydrtHryanic  attid,  the  solution  is  satu- 
rated with  potattfiuni  hydroxide  and  treated  aa  aljove. 

The  addition  of  5  c.c.  of  2  per  cent,  potassium  iodide  solution 
nlightly  in{?reaao8  the  aharpness  of  the  end-point  in  the  above 
anolyais.  The  precipitate  then  consiats  of  silver  iiHlide  of  which 
one  molecule  will  dissolve  in  two  molecules  uf  potassium  cyanide, 
just  as  silver  nitrate  does. 

Determination  of  Chlorine  and  Cyanogen  in  the  Presence 

of  One  Another. 

First,  the  cyanogen  is  determined  by  the  method  of  Liebig,  and 

then  enough  silver  solution  is  added  to  convert  all  of  the  cyanogen 

and  chlorine  into  their  silver  salts.    The  solution  is  acidified 

with  nitric  acid,  diluted  with  water  to  a  definite  volume,  filtered 

*  Add.  d.  Chem.  und  Phonn.,  77,  p.  102. 
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through  ft  dry  filter,  ftml  an  altquot  p«rt  of  the  filtrate  used  let 
the  titiatioD  of  the  excess  of  silver  b>'  raeaos  of  potsoBium  Bu^iho- 
cyanste,  aooording  to  Volbard.  The  calculatioo  of  the  c^aDOcea 
aad  chlorine  ii  illiutnted  by  the  following  example: 

10  tx.  of  the  solution  required  for  the  production  of  a  p^- 

N 

xnaoeDt  turtjidity  i  c.e.  ^  silver  solutioD. 


Then  an  execs  of  t? 


■liver  solution  is  add«d  (T  c.c,  being  the  total  amount  used),  the 
solution  acidified  with  nitric  ax^d,  diluted  to  exactly  200  c.c.,* 
filtered  throu^  a  dry  filter,  and  the  e.<toe8s  of  the  rilver  titrated 

In  100  ex.  of  the  filtrate;  Uiis  required  C,  c.c.  —  potasium  sulpho- 

cyauate  solution.  Consequently  the  amount  of  cyanogen  pres- 
ent it  (xO.UOS'^rJ  Km.»  and  the  chlorine  present  amounts  to 
ir-2<(+(,)l(i.003;>40  gm. 

7-  Determination  of  Sulphocyanlc  Acid.    Volhard's  Method. 
1000  o-e.  —  AgNO,  mIuUor  -  -,;-- -8.009  gnis.  HCNS, 


10 
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Hiis  is  the  revere  of  the  silver  determination  (p.  705).    An 

excess  of  ^  silver  solution  is  added  to  Uie  solution  containing 

the  milphocyatifttc,  and  the  excess  of  silver  b  titrated  with  potas- 
•ium  siilpliocyanate  solution,  using  ferric  alum  as  an  indicator. 

Determination  of  Sulphocyanlc  and  Hydrocyanic  Acids  in  the 
Presence  of  One  Another. 

A  little  potassium  hydroxide  is  added  to  the  solution,  and 
after  <lilulinR  to  aljout  100  c.c,  the  cyanogen  is  titrated  by  the 
method  <'f  I.iebig  (p.  711).  Then,  aft<^r  ftd<ling  an  excess  of  silver 
solution,  nitric  acid  is  added  to  acid  reaction,  and  the  excess  of 
Iho  silver  w  litralwl  with  ixttaasium  sulphocyanate  in  au  aliquot 
part  of  the  filtrate. 

'lliA  oprntlion  U  p^rformwl  in  a  mcnsuring-flAak.  Aft«r  tli«  addiUoD 
of  thn  arid.  t)te  flaik  U  liU«d  up  to  the  marie  with  water,  thorousMj  •"'•"^ 
kad  tbw  fUtwd. 
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Detennioation  of  Hydrochloric,  Hydrocyanic,  and  Sulphocyanlc 
Acids  in  the  Presence  of  One  Another. 

In  one  portion  the  cyanogen  is  determ-netl  according  to  Uebig. 

N 
A  second  portion  is  treated  with  an  excees  of  —  silver  solution, 

acidified  with  nitric  acid,  filtered,  the  precipitate  washed  with 
water,  iiuA  t'le  excess  of  silver  in  the  filtrate  detennined  according 
to  Volliard.  'llie  lilter  cuutaiiiiiig  the  precipitate  w  washed  by 
means  of  concentrated  nitric  acid  into  a  fl&sk  and  boiled  for 
three~quarters  of  an  hour.  By  this  means  the  cyanide  and  sulplio- 
cyaiiate  of  tsUver  go  into  solution,  while  the  silver  chloride 
roitiaiiio  undissolved.  The  solution  'i»  diluted  to  about  100  c.o., 
a  sufficient  amount  of  barium  nitrate  is  added  to  precipitate  the 
sulphuric  acid  formed,  and  the  silver  corre-sponrling  to  the  cyanide 
and  sulphocyanate  is  titrated  with  potasaum  sulphocyanate  with- 
out filtering  off  the  silver  chloride  or  barium  sulphate. 
Tlie  calculation  is  accompUHhed  as  follows: 

1.  For  the  titration  of  the  cyanide  in  alkaline  solution,  t  c.c.  t^t 

silver  solution  were  necessary,  and  for  the  precipitation  of  the 

N 
same  amount  of  cyanogen  in  acid  solution  2  t  c.c.  -rzr  silver  sohi- 

tion  were  required. 

2.  For  the  precipitation  of  the  chlorine+cyanogen+eulpho* 

cyanogen  in  acid  solution,  T  c.o.  of  j^  silver  solution  were  used. 

3.  Finally,  t,  c.c.  ~  KCNS  solution  were  used  for  the  precipi* 

tation  of  the  silver  cyanido+^ulphocyanide. 
Then 

1.  Cyanogcn-fX0.005202gm.  CN. 

2.  Sulphocyanogen  =((i-20  xO.005808  gm.  CN8. 

3.  Chlorme  =  (r-(|)X0.00354Cgm.  CI. 
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8.  Detenninatton  of  Sulphuric  Acid  by  Benzidine  Hydrochloride.* 

1000  C.C.  -NaOH--ijp*=    -^— =4.0CMgms.H^O^ 

BcnziHinr,'  CisHgCXHa)!,  is  a  weak  orgdnic  base.  It  fonns 
Btablp  salts  with  strong  mineral  nrida,  of  which  the  sulphate  is 
characterized  by  its  slight  solubility,  pnrticiilnrly  in  water  con- 
taining hvdmrhlorifi  acid.  The  base  itsolf  is  neutral  toward 
phcnolphthfllein.  On  account  of  being  such  a  weak  base,  there- 
fore, the  aqueous  solutions  of  its  salts  undergo  hydrolysis.  Thus 
benzidine  hydrochloride  is  decomposed  according  to  the  equation: 

C,aH8(NH2)2-2HCl  +  2H3Oi=i2HCl+C,3H8CNH3)2(H0H)2 

into  hydrochloric  acid  and  benzidine  hydroxide,  and  the  latter 
breaks  down  further  into  benzidine  and  water: 

CiaH8CNH2)2CHOH)r^Ci2H8(NHj)2  +  2H20. 

In  other  words,  an  aqueous  solution  of  benzidine  hydrochloride 
behaves  like  a  mixture  of  hydrochloric  acid  and  benKidinr,  and 
the  amount  of  acid  present  may  be  titrated  with  alkali,  using 
phenolphthalein  as  indicator. 

There  are  two  methods  which  have  been  uacd  for  the  volumetric 
eHtimationof  sulphuric  acid  by  means  of  benzidine.  MQller  treated 
the  neutral  solution  of  the  sulphate  with  a  solution  of  benzidine 
hydrochloride  of  known  acidity. 

Ci3H8CNRj)a-2HCl+NaaS04=2Naa4-Ci2HB(NH353H380^. 

ItuKilubLs 

The  precipitate  nf  benzidine  sulphate  was  filtered  off  and  the 
filtrate  titrated  wiih  a  standard  solution  of  alkali.     The  loss  in 

t  W.  Mtillcr.  Bcr..  Si,  1£S7  (1902):  Muller  and  Diii^es,  Z.  anal.  Cfaem.. 
12,  ATT  (11103):  F.lUschiK,  Z.anww.Chcm.,  1903,  617  aod  818;  von  Knocr*, 
Ct»em.  Ind.,  38^  2;  aad  Friedheim  and  Nyd^gger,  Z.  attcew.  Cbcm.,  1M7,  9. 
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uidlty  corre8pon<1orl  to  tho  amount  of  sulphuric  acid  present. 
Raschig]  on  Ihir  iitlu'r  hand,  r(«-oiiiimMnl«  treating  the  neutral 
or  acid  Bolution  of  tho  sulphate  witK  benzidine  hydrochloride 
eolution,  filtering  off  the  piveipitatcd  beniiiiUne  aulphutc,  washing 
it,  and  then  suspending  it  in  water  and  titrating  the  sulphuric  acid 
with  tenth-normal  »odium  hydroxide. 

The  latter  method  ronatitutra  a  direct  determination  and 
has  the  advaotixge  that  it  docH  not  require  a  neutralization 
of  the  solution  before  the  treatment  with  Ix^nzidinc  hydro- 
chloride. 

In  the  precipitation  of  sulphurie  neid  by  means  of  benzidine, 
there  are  two  sourcea  of  error.  In  the  first  place  the  precipitate 
\A  not  perfectly  inaoluble,  so  that  an  appreciable  amount  of 
sulphuric  acid  is  not  precipitated.  In  the  second  place,  the 
precipitate  tends  to  adsorb  some  benzidine  hydrochloride.  These 
two  sources  of  error  influence  the  results  of  an  analysis  in  opptvsitfl 
directions  and  either  wholly  or  partly  compensate  one  another, 
Friedheim  and  Nydegger  have  studied  the  method  from  this 
point  of  view  and  have  apparently  succeeded  in  working  out  the 
conditions  whereby  the  sum  of  the  errors  becomes  practically 
aero. 

Procedure. — To  prepare  the  solution  of  hcnstidinc  hydrochloride, 
6.7  gniB.  of  the  free  base,  or  the  corresponding  amount  of  the 
hydrochloride,*  id  rubbed  up  in  a  mortar  with  20  c.c.  of  water. 
The  paste  is  rinsed  into  a  liter  flask,  20  c.c.  of  hydrochloric  acid 
(dp.  gr.  1.12)  are  added,  and  the  solution  diluted  up  to  the  mark. 
(I  c.c.  of  this  solution  corresponds  theoretically  to  0.00357  gms. 
HaSOi.)  The  solution  has  a  brown  color  and  may  be  filtered  if 
necessary.  After  some  time  brown  (lakes  an-  likely  to  separate, 
but  these  do  no  harm. 

The  .solution  of  the  .sulphate  is  diluted  with  water  until  its 
volume  corresponds  to  not  less  thiin  50  c.c.  for  each  0.1  gm.  of 
sulphuric  acid  present.  An  equal  volume  of  the  reagent  is  added 
while  stirring  vigorou.sly.  A  filter  in  pn^p.-ired  by  placing  a  Witt 
perforated  porcelain  filter  plate  in  a  ftiiim-l  and  covering  it  with 
two  moistened  filter  papers,  one  of  exactly  the  same  size  as  the 


'The  rommcreial  salt  oontaiua  var>-inK  atnounta  of  ItydrMbJorio  Mid 
Tbia  oui  be  Jt;tcruiii»xl  by  tttmliuD  wiUi  alkali. 
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plate  and  the  upper  one  a  Httlc  larger.  After  ten  minutes,  the 
precipitate  is  fiUcrccl  off  upon  this  filter,  using  gentle  suction.  Thn 
last  portions  of  the  prrcipitato  arc  Iran^ffrrctl  to  thr  filter  with 
the  aid  of  small  portionst  of  the  clfflr  5ltrate,  and  then  the  beaker 
and  precipitate  arc  washed  wtih  20  c.c.  of  cold  water,  added  in 
several  portions.  The  prcripiialc  and  filter,  hut  not  the  plate, 
arc  then  transferred  to  an  I-'rlcnnieyer  flask,  50  c.c.  of  water  are 
ftdded  and  the  contents  of  the  stoppered  beaker  shaken  until  a 
homogeneous  paste  is  obtained.  The  rubt>er  stopper  is  then 
removed  from  th«  fla^k,  rinsed  off  with  water,  a  drop  of  jjhenol- 
phthalein  added,  the  water  heated  to  about  ot)"  and  titrated  with 
tenth-normal  eodium  hydroxide.  When  the  end  point  is  nearly 
reached,  the  liquid  is  boiled  for  five  mitiutes,  and  the  titration 
then  finished. 

Remark, — According  to  Fricdholm  and  N'ydegger,  this  method 
gives  excellent  results  in  the  analysis  of  all  .^ulphat^s  provided 
no  substances  are  present  whieh  attack  benzidine,  and  provided 
the  amount  of  other  salts  and  acids  present  is  not  too  fi:reat.  There 
should  not  be  more  than  10  mol.  of  IICl,  15  mol.  HN'Os,  20  mol. 
HCzHjOj,  5  mot.  alkali  salt,  or  2  mol.  ferric  iron  present  to  1  moi. 
HiSOj.  A  satisfactory  determination  of  the  sulphur  in  pyrite  m*y 
be  made  by  dissolving  O.o  of  the  sample  according  to  the  Lunge 
method  (ace  p.  362),  evaporating  off  the  nitric  acid,  taking  up  the 
residue  in  a  little  hydrochloric  acid,  diluting  to  500  c.c.  and  using 
100  c.c.  for  the  treatment  with  benziiline  hydrochloride. 

9.  Detenninatioo  of  Sulphuric  Acid:  (Hinman).* 


irvin«-N„(,„      H,SO.     08.08 
1000  C.C.  j^NaAO. ^ ^  = 


=3.269  gcDB.  HiSOi. 


Thip  inptlio<l  depends  upon  the  fact  that  barium  chromate  is 
eaf^ily  disKolved  by  dilute  hydrochloric  acid  while  bniium  sul- 
phate is  not;  1  liter  of  cold  water  dissolves  about  2  mg.  of  BafiO« 
and  3  mg.  of  BaCrO*  but  the  liittcr  salt  dit^solvcs  easily  in  acid 
because  HCrOi"  as  an  acid  is  comparable  to  HjCOs.    If  a  solution 

'  Am.  J.  Sci.  and  Arta,  IH,  478  (1877).  Cf.  Aodreft-*,  Am.  Chcm.  J.,  J, 
£67;  Peniiock  and  Murlon,  J.  Am.  Chian.  Soc,  IMS,  2205;  Bnihas,  Z.  anal. 
Cbcm.,  «.  573  (1906);  HoHiger,  Ibid.,  W,  S4  (IfllO),  and  M.  Reutcr,  Chem, 
Zt«..  )8W.  357. 
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of  barium  chmtnate  in  dilute  hydrochloric  acid  is  added  in  slight 
excess  tn  a  solution  conlnininR  SO7  lone,  BhSO*  is  precipitated; 
thrn  upon  neutmliziiifz  the  sulution  the  remainder  cf  the  barium 
i«  jirecipitalcd  as  BaCrO*,  leavinR  one  niole  of  CrOJ"  in  solu- 
tion for  pach  mole  of  SO7  urigiiially  present.  After  filtering, 
the  dissolved  chromium  can  be  iletermiucU  iodonietrically  (p. 
(MO). 

The  method  is  rapid  and  capable  of  giving  theoretical  values 
in  the  analysis  of  sulphates  containing  less  than  5  per  cent  of  SO3. 
By  slightly  varying  the  conditions,  howpvor,  the  result*  are 
influencoii  and  the  most  favorable  conditions  arc  not  always  the 
game  for  different  sulphates.  The  method,  therefore,  is  suitable 
for  routine  work,  but  is  not  theoretically  perfect.* 

The  results  are  likely  to  he  high, — (1)  If  the  barium  chromate 
contains  any  water-soluble  chromate.  Since  the  solubility  of 
barium  chromfltc  in  hot  water  is  appreciable  there  will  alwaj-s 
be  a  positive  error  from  this  source,  if  the  eolutioo  is  filtered 
hot.     - 

TTie  r«nill8  will  be  low, — (1)  If  there  is  any  reduction  of 
chromate  other  than  the  desired  reduction  with  ioilide;  thja  itiay 
be  caused  by  the  presence  of  loo  much  hydrochloric  acid  during 
the  first  precipitniion.  (2)  If  any  other  chromate  is  precipitated 
with  the  barium  chromate,  such  as  basic  ferric  chromate.  (3) 
If  the  solution  is  not  acid  enough  during  the  treatment  with 
iodide  the  reduction  of  the  chromate  is  like(y  to  be  incomplete. 
(4)  If  the  solution  is  hot,  or  contains  an  insufficient  amount  of 
iodide  there  is  likely  to  be  some  loss  of  the  iodine. 

The  barium  chromate  reagent  is  prepared  by  precipitating 
barium  chloride  with  potassium  chromate  at  the  boiling  tem- 
perature. The  precipitate  is  washed  with  hot,  dilute  acetic  acid 
and  then  with  water  till  free  from  chromate.  From  2  to  4  gms. 
of  the  dry  salt  are  dissolved  in  one  liter  of  normal  hydrochloric 
acid.    1  c.c.  should  precipitate  0.63  mg.  to  1.2  mg.  of  SOa. 

•  In  Bome  oaam  it  in  «itn|>lc«t  to  k[)p1y  n  confctirm  fartor  Thus  Kom' 
■Towaky  (Chan.  'U^.,  SI,  ^ViH  (1907))  JeductB  0.3  c.c.  fmiu  [hi>  Hnal  buntlta 
n*A<iiiiK.  J.  I^riu,  iit  tlio  Mum.  Inxl.  TtM.'li.,  wiu  abl«  to  modify  the  dircctwiM 
so  that  correct  ronilta  could  be  obtained  with  several  sulphatee. 
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Procedure. — If  the  solution  of  the  Rulphatc  is  acid,  nearly 
neutralize  it  with  caustic  alkali  solution.  Dilute  with  wftter 
until  not  more  than  about  5  nig.  of  SO3  is  present  in  UK)  c.e.  Heat 
to  boiling  and  slowly  add  a.  slight  excels  of  the  bArium  chromate 
reagent.  Boil  for  one  minute  or  for  Give  minutes  if  any  carlxtn- 
atc  was  present. 

To  the  boiling  solution  cautiously  add  pure  CaCOs  in  small 
portions  until  present  in  slight  excess  (use  ammonia  if  iron,  nickel 
or  zinc  is  present),  ('ool  to  room  toniperalure  and  bring  to  a 
definite  vohmie  in  a  calibrated  flask.  Fihcr  through  a  drj*  filter 
and  take  100  c.c.  of  the  filtrate  for  the  titration. 

Add  2  or  3  gm.  of  potassium  iodide  and  5  c.c.  of  concentrated 
hydrochloric  acid.  Shake  well  and  allow  t-o  stand  15  minutes. 
Then  titrate  Elnwly  with  0.02  normal  sodium  thiosulphate 
Bolution. 

Remark. — When  iron,  nickel  or  zinc  sall^  are  contained  in 
the  solution,  tbe  acid  pn-sent  cannot  be  neutraliited  with  calcium 
carbonate, because  these  Raltswhen  Iwjileil  with  mlciiim  cnrl)onate 
and  a  soluble  chromate  form  insoluble  liasic  chromates,  so  that 
too  little  chromic  arid  will  !»  found  in  the  filtrate  corresponding 
tfl  too  little  sulphuric  acid.  In  such  a  case  the  neutralization  is 
effected  with  ammonia,  an  excess  being  added,  the  solution  boiled 
until  the  excess  is  almost  entirely  expelled  and  then  filtered. 

10.  Detennination  of  Phosphoric  Acid.    Method  of  Pincus. 

Pnneiple. — If  a  neutral  solution,  or  one  slightly  arid  with 
acetic  acid,  ia  treated  with  uranyl  acetate,  a  grccnish-white  pre- 
cipitate of  uranyl  phosphate  is  formed: 

KH,PO« + UO,(CH,0,),  -  KC,H.O,  +  HC^HA + IT0,HP0,. 

If  at  the  same  time  ammonium  salts  are  preaeat,  ammonium 
18  contained  in  the  precipitate: 

KH,PO,+  U0,(C^A5i+  NH»C,H  A- 

-  KC^jO, + 2nC,H,0, + UO,NH,PO,. 

The  end  of  the  precipitation  ia  determined  by  testing  a  drop 
of  the  solution  on  a  porcelain  tUo  with  potassium  ferrocyanide. 


t)£TeRMt\AtlON  6P  PHOSPHORIC  ACIO. 

As  soon  as  all  of  the  pKnsphorir  acid  is  prccipitatctl  and  the  solu- 
tion contains  a  trace  of  uranyl  acetate  in  excess,  the  ferrocyanide 
•olution  produces  a  brown  coloration. 

In  order  to  completely  precipitate  Iho  phosplioric  acid,  it  u 
necessary  to  titrate  in  a  boiling  hot  solution.  As,  however,  a  solu- 
tion of  calcium  phosphate  will  become  tnrbid  on  hoilinp,  owinj? 
to  the  formation  of  secondary  calcimn  phosphate  (CaHPO^),  it  is 
best  to  precipitate  the  pre ater  part  of  the  phosphoric  acid  in  the 
cold,  then  heat  to  boiling  and  complete  the  titration. 

Requirements.  1.  Potassium  Phosphate  Solution. — This  is  ob- 
tained by  disHolvins  1!).17  gms.  ((^orrespimding  to  10  gms.  P,OJ 
of  chemtcalty  pure  monopotassium  phoHphaie  (which  can  be  ob- 
tained commercially)  iti  1  liter  nf  water. 

The  concentration  of  the  solution  i^  confinnod  by  evaporating 
50  c.c.  to  drj'nnss  bi  a  lat^e  platinum  rnicible,  igniting  the  residue 
over  the  full  flame  of  a  Hiinaen  Imrner  an  1  wptghing  as  KPOjj  also 
by  precipitating  another  portion  as  magnesium  ammonium  phos- 
phate and  weighing  as  magnesium  pyropliosphate. 

50  c.c.  of  the  sulutiun  correspond  to  0.5  gni.  P,0, 

and  should  yield 0.8315  gm.  KFO, 

and 0.7839  gm.  Mg,P,0^ 

2.  Cala'um  PkoaphiUe  Sotxttion. — 5.4U1  (cms.  of  Ca^PjO,,  cor- 
responding to  2.5  gms.  I'jOj,  are  dissolved  in  a  httic  nitric  acid, 
diluteil  with  water  to  a  volume  of  1  liter,  and  the  concentration  of 
the  solution  tested  by  means  of  the  molybdatc  method  of  Woy 
(p.  437). 

3.  Vranyl  Aetta'f  Solution. — ^This  is  made  by  dissolving  about 
35  gms.  of  uranyl  acetate  in  a  liter  of  water. 

4.  Ammoniu7n  Acetate  Solutinn, — 100  gms.  of  pure  ammonium 
acetate  and  100  c.c.  of  acetic  acid,  sp.  gr.  1.04,  are  diluted  with 
water  to  a  vohimc  ivf  1  liter. 

5.  Potataium  Fcrroqfanide. — ^The  aalt  is  used  in  the  powdered 
form. 

Procedure. 
(a)  SUmthTiiizalion  of  (lie  Ihtinium  Solution. 
50  c.c.   of   the  potjissiuru   phospliate.   or   calcium   paosphate, 
aolution  are  treated  with  10  c.c.  of  the  ammonium  acetate  solution. 


i fc. 
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and  to  it  tlie  uranyl  acetate  solution  '\s  run  in  from  a  burette  until 
ft  drop  of  the  solution  will  show  a  brown  coloration  when  treated 
with  solid  potassium  ferrocyanlJe  upon  a  vi\\\ic  porcelain  tile.  The 
solution  is  tlien  heated  to  boiling,  when  a  dmp  of  it  wUl  no  longer 
react  with  the  fenucyanide.  To  the  hot  solution  more  of  the 
uranium  solution  is  added,  until  the  brown  color  Ib  obtained  onoe 
more. 

]£  for  the  precipitation  of  tho  phosphoric  acid  contained  in 
&0  CO.  of  the  potassium  phosjjhaic  solution  (O.."}  pm.  l\OJ,  T 
c.c.  of  the  uraaiuiu  »ijlutiou  were  I'ec^uiredj  its  cuncantratioQ  is 

-jT  pn.  PjOi  per  c.c. 

For  the  analysis  of  alkali  phosphates,  the  solution  is  standard- 
ized aKoinst  the  pottissium  phosphate?  solution,  while  for  the 
analysis  of  an  alkaline-earth  phosphate  the  solution  of  calcium 
phoophat-e  is  used. 

(6)  Determination  of  Phosphoric  Acid  in  Alkali  Phosphates. 

The  solution  to  he  analyzed  should  be  of  al}out  tiie  same  con- 
centration as  that  of  the  potassium  jitiosphate  used  for  the  stand- 
ardization, and  titrated  aa  above.  Phosphate  solutions  of  different 
concentrations  give  different  results  by  the  titration. 


(e)  Dr'Tmination  of  Phosphoric  Acid  in  Calcium  Phosphate. 

A  weighed  amount  of  calcium  phosphate  is  dissolved  in  dilute 
nitnc  acid,  ammonia  is  added  to  the  solution  until  a  permanent 
prec^ipitato  i»  produced,  wliich  is  rediaiwlved  in  a  little  acetic  acid, 
10  c.c.  of  tlic  ammonium  acc?tate  solution  are  added,  and  the 
solution  is  titrated  with  the  standardized  solution  of  uranyl 
acetate. 

Remark.— \n  tlie  presence  of  iron  and  aluminium  this  method 
will  not  give  accurate  results  because  the  phosphates  of  these 
metals  are  insoluble  in  acetic  acid.  In  such  cases,  the  turbid 
acetic  acid  solution  is  filtered  and  the  phosphoric  acid  dctennined 
in  the  filtrate  by  the  above  titration.  The  precipitate  conslstang 
of  in)n  and  ali:niinium  phosphates  b  ignited,  weighed,  and,  if 
it  amounts  to  lc»s  tlian  0.01  gnu,  half  its  weight  is  taken  as  P|0|; 
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otherwise  the  phosphoric  acid  in  the  precipitate  must  bo  deter- 
mlutHi  by  the  molybdat«  method. 

II.  Determination  of  Nickel  by  Potassium  Cyaside.* 
This  melhoii,  which  permitB  the  volumelric  estimation  of 
nickel  with  speed  and  accuracy  even  in  the  presence  of  iron, 
manganese,  chromium,  7inc,  vanadium,  molybdenum,  and 
tuug&ten,  dcpeuda  upon  the  fact  that  iijtkel  iomi  reatt  with 
potassium  cyanide  in  slightly  ammouiacal  solution,  to  form  a 
complex  anion,  |Ni(CN)ir', 

NiCXH3)«Cla+4KCX=K2[KiCCN)J+6XH3+2KCl. 
If  the  aohition  of  the  nickel  salt  contains  a  precipitate  of  silver 
iodide,  produced  by  adding  a  known  amount  of  silver  nitrate  end 
a  few  drops  of  potassium  iodide  solution,  the  turbidity  will  not 
disappear  until  oil  of  the  nickel  has  entered  into  reaction  T^ith  the 
potaasium  cyanide. 

AgT+2KCN-K[Ag(CX)s]+KI. 

The  titration  is  finished  by  adding  just  enough  more  silver  nitrate 
to  cause  the  precipitate  of  silver  iodide  to  reappear. 

K[Ag(CN)2l + AgNOj  -  2AgCN + KNO3. 

Requirements. — The  potassium  cyanide  solution  should  be  about 
equivalent  to  a  tenth-normal  silver  solution,  and  is  prepared  by 
dissolving  13.. 5  gm-s.  of  pure  potassium  cyanide  and  6  gms.  of 
caustic  potash  in  water  and  tliluting  to  a  volume  of  one  liter. 
The  addition  of  the  alkali  serves  lo  make  the  solution  more  stable. 

The  silver  nitrate  solution  is  made  exactly  tenth-normal  and 
is  prepared  by  dissolving  8.495  gms.  AgXOa  in  water  and  diluting 
to  exactly  500  c.c.  1  c.c.  of  this  solution  li  equivalent  to  0.01302 
gms.  KC\',  or  lo  0.002334  gms.  Xi.  It  is  used  for  standardizing 
the  pritassitim  cyanide  solution,  and  in  the  analysis  itwlf. 

The  potassium  iodide  solution  contains  2  gms.  Kii  in  100  c.c. 

•Cf,  CamphpH  and  Andrews,  J,  Am.  Clwra.  Soc.,  17.  12a  (1895);  Moore, 
Chem.  News  72.92  Il89i5):  P.mital.Z.  angew.niem.,  I89S,  177;  Brwirlryand 
Jnrvi*.  rhmi.  News,  78,  177  ind  100  ^1898);  Johnson,  J.  Am.Cheni.  Soe.,211, 
1201  il907i:  Cnmi'beil  nnd  Arthur  ibid.,  SO,  1116  U908J;  and  Croiituuuui, 
Cbem.  ZtK-,  S2,  1223  tlOOSl. 
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Standardization  of  the  Potassium  Cyanide  Solution. — About 
30  o.c.  of  the  potasBium  cyanido  solution  are  diluted  to  100  c.o., 
5  c.c.  of  llie  i>[>tflssium  iodide  ^lution  added,  and  tho  solution 
titrated  witli  silver  nitrate  solution  until  a  faint  i)i!n)ianent 
opalesretiec  la  oUtained  which  is  cleared  up  by  a,  small  drop  of 
potaHfliutn  cyanide  solution. 

Analysis. — The  solution,  containing  not  more  than  0.1  gm. of 
nickol  imd  having  a  volume  of  about  100  c.c,  ia  trc-ateti  with 
aniitinnia  until  slightly  alkaline  *  and  then  with  5  c.c.  of  the 
potaKnium  iodide  solution  and  0..^t  n.c.  of  thn  O.lN  silver  nitrate 
solution,  the  latter  being  accurately  tneasured  from  a  burette. 
While  stirring  constantly  with  a  glass  rod^  the  standard  potaaaium 
cyanide  solution  is  added  until  the  precipitated  .silver  iodide 
diBsolvea  completely.  Then  the  silver  solution  is  added  until  a 
faint,  permanent  opalescence  is  obtained  which  is  cleared  up  by 
a  small  drop  of  the  potassium  cyanide. 

Aflsuming  that  the  silver  solution  was  exactly  tenth-normal, 
that  one  c.c.  of  potassium  cyanide  =  ii  c.c.  of  the  silver  nitrate 
BoUition,  and  that  T  c.c.  of  potassium  cyanide  and  t  c.c.  of  silver 
nitrate  were  vised  in  titmting  a  Ring,  of  a  substance,  then  tho 
perceritftge  of  nickel  is  found  by  the  foUomng  efjuation: 


(Til -0X0.2934 


>  per  cent.  Ni. 


I 


Instead  of  working  with  two  solutions,  !■'.  Sutton  t  states  that 
equally  reliable  results  can  be  obtained  by  using  a  potassium 
cyanide  solution  to  which  a  little  silver  nitrate  has  been  added. 
Thus,  to  the  above  solution  of  potassium  cyimide  there  may 
be  added  about  0.50  gm.  of  silver  niirale  which  is  first  dissolved 
in  water  by  itself.  If  this  solution  is  used  for  titrating  a  nickel 
solution  to  wliich  potjiBsiun;  iodide  solution  has  Ix^en  added,  a 
precipitate  of  silver  iodide  is  formed  at  ouce  which  increases 
with  the  further  addition  of  tlie  potassium  cyanidc-silver  nitrate 
solution  until  all  tlic  nickel  is  convertod  into  potassium  nickelo- 

*  If  lh«  Addition  of  amnionia  daas  nol  gdve  a  clvar  sulutioa,  a  tew  eubta 
ccodnK^Lcj^  of  aminoiiium  r;hlorirle  mhitiau  should  be  added. 
t  V«luiDi>tric  AnalyBu,  8th  rdittOD,  p.  2d2. 
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cyanide,  but  the  precipitate  eventually  disappears  upon  the 
(urtlier  addition  of  the  solution.  When  this  mfulificntion  of  the 
potassium  cyanide  method  is  UBed,  however,  it  is  nccess«ar>'  to 
standanliKe  the  potaA<»ium  cyanide  solution  against  a  solution 
containing  a  knowTi  quantity  of  nickel. 

RtTtiarks. — The  method  can  be  carried  out  in  the  preacnce  of 
most  of  the  other  elements  of  the  Rmmonium  sulphide  group.* 
If  copper  is  present  in  amounts  not  exceediiiR  U.4  per  cent.,  the 
copper  will  replace  almost  exactly  three-quarters  of  its  weight 
of  nickel.  In  ca^e  cliromium  is  present,  the  dark  color  due  to 
preseufc  of  chromic  salts  may  be  obviated  by  adding  to  the 
original  sulphuric  acid  solution  a  2  per  cent,  solution  of  potassium 
IM;rmun(ianate  until  a  slipht  permanent  precipitate  of  manpauese 
dioxide  is  obtained,  whereby  the  chromium  is  oxidized  to  chromic 
acid.  The  solution  is  filtered,  concentrated  In  a  400  c.c.  beaker 
to  about  00  c.c,  then  treated  with  sodium  pyrophosphate,  as 
described  above.  The  method  is  not  applicable  in  the  presence 
of  cobalt,  the  presence  of  which  is  Ix-trayeJ  by  the  solution  as- 
sumlnf:  a  dark  color  upon  the  addition  of  pota«iium  cyanide, 
but  when  the  amount  of  the  latter  doea  not  exceed  one-tenth  the 
amount  of  nickel  present,  the  titration  can  be  carried  out  sucoesfully 
and  the  result"?  represent  the  amount  of  nickel  and  cobalt  present. 

The  temperature  of  the  solution  should  not  be  much  above 
20*  for  in  hot  solutions  the  results  are  not  concordant.  The 
quantity  of  ammonia  present  should  not  be  too  great,  because 
the  tendenc)-  is  for  ammonia  to  impede  the  reaction  if  more  than 
a  slight  excess  is  present.  Potassium  cyanide  containing  sulphide 
cannot  \w  used;  the  reagent  should  1»©  the  purest  obtainable. 
The  results  are  accurate.  The  method  has  been  modified  W>  that 
it  Pan  be  used  to  advantage  for  the 

Determination  of  Nickel  in  Nickel  Steel. 

One  gram  nf  atcci  is  difttolved  in  a  caaserole  with  10  to  15  c.& 
of  nitric  acid  (sp.  gr.  1.2),  adding  a  little  hydrochloric  acid  if 
ueccflsary.     After  the  steel  has  dissolved,  6  or  8  c.c.  of  sulphuric 

'  Thf  vlditiou  nf  alkali  pymphcMjibjile  ut  mually  uccnsaTy,  as  in  the 
lollowing  mvlhud  for  dBtcnaiiuag  oickol  in  sUmI. 
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ocid  (1 : 1)  are  added,  and  the  eohitlon  h  evaporat<?d  until  fumes 
of  sulphuric  sTihydride  begin  to  come  off.  The  residue  i»  cooled, 
30  to  40  c.c.  of  water  are  added,  and  the  contents  of  iho  castterole 
boiled  until  the  ferric  sulphate  hufi  al!  dissolved.  The  syUition  is 
then  transferred  to  a  400-c.c.  beaker,  filtering  if  ne(-i.'j<»ary,  and, 
13  gms.  of  sodium  pyrophosphate*  dissolved  in.  GfJc.c.  of  wnterat 
about  60*  are  added.  Tho  pyrophosphate  solution  must  not  be 
boiled,  as  this  causes  the  formation  of  norma!  phosphate.  The 
addition  of  the  sodium  pyrophospliate  causes  the  formaliuu  of  a 
heav)-  wliite  precipitate  of  ferric  pyrophosphate.  The  liquid  is 
cooled  to  room  temperature,  whereupon  dilute  ammonin  {\:V)  is 
added  drop  by  drop,  while  stirring  constantly,  until  the  greater 
part  of  the  precipitate  has  dissolved  and  the  solution  haa  assumed 
a  greenisb  tinge.  At  this  point,  it  ahould  react  alkaline  toward 
litmus  and  smell  slightly,  but  not  too  strongly,  of  ammonia.  Now 
on  gently  heating  the  solution,  while  stirring,  the  remainder  of  tho 
pjTophosphatc  will  dissolve,  giving  a  perfectly  cleai-  light  green 
solution.  If  the  ammonia  is  added  too  fast,  or  tho  solution  is 
not  carefully  stirred,  a  brownish  color  is  likely  to  result,  but  ihia 
can  usually  be  overcome  by  citrefully  adding  a  few  drops  of  dilute 
sulphuric  acid.  The  clear  solution  is  cooled  to  room  temperature 
and  0.6  c.c.  of  the  standard  silver  nitrate  solution  \&  addei  together 
with  5  c.c.  of  the  potusisium  iodide.  The  solution  is  then  titrated 
with  potassium  cyanide,  which  is  added  until  the  precipitate  of 
silver  iodide  has  disappeared.  The  titration  is  finished  by  adding 
just  enouiih  more  of  the  silver  nitrate  to  cause  the  formation  of  a 
alight  turbidity  again. 


*  Insteail  of  using  wHiiurn  pyn>phoRphnLi>  to  prf>vent  the  intrrfenmce 
of  iixjii  and  atlicr  motaU,  nmny  chomiBW  use  citric  or  tartaric  acid.  In 
this  caec  the  solution  is  ^arii,  coIofmI  nnd  Uie  end-point  n  little  harder  to 
detect. 
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12.  Determinatton  of  Copper  by  the  Potassium  Cyanide  Method.* 

Principle. — If  an  ammoniacal  sylutiou  uf  a.  cupric  salt  is 
treated  with  potassium  cyanide,  tlie  iiiteiue  blue  color  gradually 
disappears.     The  reaction  is  essentially  as  follows: 

2CuCrCHa)4S04- H2O4-7KC1Y  -  K8Nn4Cuj(C.V)«  +  NH^CNO 

-t-aKaSOi  +  ONHa+HaO. 

Tho  temperature  of  the  solution,  the  ammonia  concentration, 
and  the  quantity  of  amuiuniuni  salts  present  effect  the  reaction 
BO  that  u  given  tiuantity  of  copper  does  not  always  react  with 
the  same  quantlLy  o£  pota»sium  cyanide.  'Hie  potassium  cyanide 
solution,  therefore,  muttt  be  BtandardizeJ  under  exactly  the  same 
conditions  as  under  which  the  analysis  is  curried  out. 

Slarulardiztitiim  uf  the  I'oUinsium  Cyanide  Solution. — ^Twenty 
grams  of  pure  polai^ium  cyanide  arc  diHsolved  in  a  liter  of  water 
and  tho  solution  titrated  again^it  pure  copper.  About  0.2  gm. 
of  pure  copper  wire  or  foil  is  weighed  out  into  a  200-c.c.  lirlen- 
mcyer  flusk  and  duisolved  in  0  c.c.  of  concentrated  nitric  acid. 
After  Boluiiun  is  complete,  25  c.c.  of  water  and  5  c.c.  of  bromine 
water  are  added  and  the  solution  boiled  to  expel  the  excess  of 
bromine.  Then  50  c.c.  of  water  and  10  c.c.  of  strong  ammonia 
(ap.  gr.  0.90)  are  added,  the  solution  cooled  to  room  temperature 
by  placing  the  tlask  in  cold  water,  and  the  potassium  cyanide 
added  aluwly  from  a  burette,  while  conatantly  rotating  the 
contents  of  the  flaak.  When  the  solution  has  become  a  pale 
blue,  water  is  added  to  iinake  the  total  volume  1<jO  c.c.  and  the 
addition  of  the  potassium  cyanide  continued  until  the  solution 
is  just  decolorized.  The  weighed  amount  of  copper  divided  by 
t]ic  number  of  cubic  cenlimelers  uf  potassium  cyanide  required 
^vca  the  tiler  uf  the  solution. 

Lout's  MhUumI  fur  Amdyzirtg  Copper  Ores. — .Vltout  0.5  gra.  of  a 
rich  ore,  or  from  two  to  four  times  as  much  of  a  low-grade  ore, 
i»  weighed  into  a  200-c.c.  Erlennieyer  flask  and  treated  with 
&-)0  c.c.  of  concentrated  nitric  acid  and  boiled  until  nearly  all 

'  CI.  St«iil«i:k,  Z.  anftl.  Ch«n.  s,  R  (ISfiO).  Dulin,  J.  Am.  Cbcm.  80c.,  I?, 
340.     A  U.  Low,  TwibiiiaiJ  Mclbods  of  Ore  Aoalywi. 
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the  red  fumes  are  expelled.  If  necessary,  5  c.c.  of  concentrated 
hydrochloric  acid  are  also  added  to  decompose  the  ore  and  the 
boiling  continued  for  a  short  time.  After  cooling  somewhat, 
7  c.c.  of  concentrated  sulphuric  acid  are  added  and  the  solution 
evaporated  until  dense  fumes  of  sulphuric  acid  are  evolved. 
Then,  after  allowing  to  cool  somewhat,  25  c.c.  of  cold  water  are 
added  and  a  drop  of  concentrated  hydrochloric  acid  to  pre- 
cipitate any  silver  as  chloride.  The  liquid  is  boiled  to  dissolve 
the  copper  and  ferric  sulphates  and  then  the  precipitated  lead 
sulphate  and  silicious  residue  is  filtered  off  and  washed  with  hot 
water.  The  filtrate  is  received  in  a  beaker  of  about  6  cm.  diam- 
eter and  care  is  taken  not  to  let  the  filtrate  exceed  75  c.c. 

The  copper  is  precipitated  from  the  filtrate  by  introducing  a 
piece  of  aluminium  foil,  about  14  cm.  long  and  2.5  cm.  wide, 
which  is  bent  into  a  triangle.  The  beaker  is  covered  with  a 
watch-glass  and  its  contents  boiled  about  ten  minutes,  whereby 
nearly  all  the  copper  is  deposited  as  spongy  metal.  The  beaker 
is  now  removed  from  the  flame  and  the  sides  washed  down  with 
cold  water.  To  precipitate  the  last  traces  of  copper  and  to 
prevent  the  oxidation  of  the  fine  deposit,  15  c.c.  of  strong  hydrogen 
sulphide  water  are  added,  after  which  the  liquid  is  decanted  through 
a  9  cm.  filter.  The  copper  is  washed  off  the  aluminium  by 
means  of  weak  hydrogen  sulphide  water  into  the  flask  in  which 
the  ore  was  dissolved  and  the  liquid  decanted  through  the  filter; 
the  beaker  containing  the  aluminium  foil  and  some  copper  is 
set  aside  temporarily.  The  operation  of  filtering  should  take 
place  without  interruption  and  the  filter  kept  well  filled  with 
liquid  to  prevent  the  oxidation  of  any  precipitate  upon  it,  which 
would  cause  it  to  dissolve  and  give  a  turbid  filtrate.  After 
washing  the  deposit  four  times,  using  in  each  case  20  c.c.  of  weak 
hydrogen  sulphide  water,  the  liquid  is  allowed  to  drain  from 
the  funnel,  and  then  the  beaker  containing  the  filtrate  is  replaced 
by  the  flask  containing  the  deposited  copper.  The  aluminium 
foil,  to  which  some  copper  usually  adheres,  is  now  covered  with 
10  c.c.  of  nitric  acid  (1:1),  heated  nearly  to  boiling,  and  the  hot 
acid  poured  through  the  filter.  The  flask  is  replaced  by  the 
beaker  containing  the  foil,  and  the  contents  of  the  flask  heated 
until  all  the  copoer  is  dissolved  and  the  greater  Dart  of  the  rrd 
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fumes  expelled.  The  flaak  in  iiRiun  plactsl  under  tlie  finmel,  the 
ftlmiiiniuni  foil  in  tlie  Iwaker  c^uvcrtiJ  with  .'>  c.c.  of  stnin^  hnniiiiie 
water,  which  is  puured  thi-oii^U  the  filler.  Tbu  ahitniiiLum  foil 
and  the  filter  are  tlieii  waHliwl  with  hot  water.  The  solution  ia 
boiled  to  fxpd  this  ejioess  of  liromitie,  unoloii  to  mom  tem- 
perature, treated  with  10  c.c.  of  strong  ammonia,  and  titrated 
with  potassium  cyanide  exactly  as  in  the  standardization. 

15.  Determination  of  Lead  by  the  Molybdate  Method.* 

I*rineiple. — The  lead  is  precipitated  as  molybdate  from  an 
acid  Kolution  and  the  tcrmiiiation  of  the  reaction  is  recopni«ed 
by  tejitin^;  a  drop  of  the  solution  with  a  drop  of  tannin  solntion, 
which  givea  a  yellow  coloration  when  an  excess  of  ammonium 
molybdate  ia  present. 

lieqttiremenLs. — I.  A  solution  of  ammonium  molybdate  pre- 
pare<i  by  dissolving  about  4.25  gms.  of  ammonium  raolybthitc  in 
water,  and  diluting  to  one  liter. 

2.  A  freshly  prepared  tannin  solution  containing  (M  gra,  of 
tannin  in  2f)  c.r.  of  water. 

Sttindardization  nf  the  Ammonium  Molybdate  .Solution. — .\hout 
0.2  gm.  nf  purr  load  foil  \s  weighed  into  a  2(>0-r.c.  Krlenmeycr 
flask,  dissolved  in  a  mixture'  of  2  c.c.  conrcntrated  nitric  arid  and 
4  c.c.  of  wat<^r  and  the  solution  evaporated  nearly,  If  not  quite, 
to  drynpsH.  Thr  rcKidue  m  taken  up  in  30  c.c.  water,  5  c.c.  of 
concentrated  .tulphurir  arid  addod,  tho  liquid  nhaken,  the  lead 
sulphate  allowed  to  settle  completely,  filtered  and  washed  with 
dilute  sulphuric  acid  (1  ;  10).  The  filter,  together  with  prccipi* 
tatc.  is  thrown  into  an  Ericnmeycr  flrusk,  10  c.c.  of  concentrated 
hydrochloric  arid  are  added,  and  the  liquid  boiled  until  the  filter 
is  completely  disintegrated.  Then,  after  adding  15  c.c.  more  of 
the  concentrated  hydrochloric  acid,  and  25  c.c.  of  cold  wat«r,  25 
c.c.  of  concentrated  ammonia  (sp-  gr.  0.90)  are  carefully  poured 
into  the  flask,  whereby  the  greater  part  of  the  acid  is  neutralized. 
A  piece  of  blue  litmus  paper  n  thrown  into  the  solution,  ammonia 
if  adde<l  to  slightly  alkaline  reaction,  and  then  glacial  acetic 

*  Ixrw,  Todinicsl  Meibods  of  Ore  Analj'BU). 
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acid  until  the  litmus  paper  turns  red.  The  solution  is  diluted 
to  about  200  c.c.  with  hot  water  and  about  two-thirds  of  the 
Bolution  transferred  to  a  beaker.  The  ammonium  molybdate 
solution  is  added  to  the  latter  from  a  burette  until  a  drop  of  the 
solution,  brought  in  contact  with  a  drop  of  the  tannin  indicator 
upon  a  white  porcelain  tile,  gives  a  brown  or  yellow  color.  Some 
more  of  the  lead  solution  is  added  to  the  beaker  and  the  opera- 
tion is  repeated  tmtil  finally  but  a  few  cubic  centimeters  of  the 
lead  solution  remain  in  the  flask.  The  contents  of  the  beaker 
are  now  poured  into  the  Bask,  then  back  again  to  the  beaker, 
and  the  titration  finished  by  adding  the  molybdate  solution  two 
drops  at  a  time.  If  I  c.c.  of  molybdate  are  used  in  titrating  a  gms. 
of  lead  the  titer  of  the  solution  is 

1  c.c,  ammonium  molybdate=—  gm.  lead. 

t 

Procedure. — 0.5  gm.  of  the  ore  is  weighed  into  a  200-c.c. 
Erienmeyer  flaak,  10  c.c.  of  concentrated  hydrochloric  acid  and 
20  c.c.  of  water  added  and  the  liquid  boiled  until  all  the  hydro^u 
sulphide  is  expelled.  If  the  ore  should  not  dissolve  completely 
by  this  treatment,  a  little  concentrated  nitric  acid  is  added  and 
the  heating  continued  until  the  ore  is  completely  decomposed. 
As  soon  as  this  has  taken  place,  the  solution  is  allowed  to  cool, 
7  c.c.  of  concentrated  sulphuric  acid  added,  and  the  liquid 
evaporated  over  a  free  flame  until  dense  vapors  of  sulphuric 
acid  are  evolved.  After  allowing  to  cool,  20  c.c.  of  water  are 
added  and  the  liquid  boiled  for  fifteen  minutes  in  order  to  dissolve 
all  the  anhydrous  ferric  sulphate. 

After  cooling,  the  precipitated  lead  sulphate  and  ailicious 
residue  is  filtered  off  and  washed  with  cold  dilute  sulphuric  acid 
(1:10).  The  lead  sulphate  is  often  contaminated  with  calcium  or 
barium  sulphate,  and  before  tlie  titration  it  must  be  purified.  To 
this  end,  the  precipitate  is  rinsed  by  a  stream  of  cold  water  into  the 
original  flask,  5  gms.  of  pure  ammonium  chloride  are  added  and 
about  1  c.c.  of  concentrated  hydrochloric  acid.  By  boiling,  all  of 
the  lead  and  calcium  sulphates  are  dissolved  but  the  gangue,  which 
is  easily  distinguished  from  either  of  the  above  salts,  remains 
behind.     The  solution  is  neutralized  with  ammonia  and  treated 
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with  an  excess  of  ammonium  fulphidc.  The  precipitate  is 
fiUowcd  to  settle  and  ta  then  filtered  and  washed  with  hot  water 
until  the  filtrate  no  longer  gives  a  test  for  calcium  when  tested 
with  ammonium  oxalate.  As  the  lead  sulphide  may  be  con- 
taminated with  some  iron  sulphide,  it  is  again  rinsed  into  the 
original  flaak,  hy  means  of  as  little  hot  water  as  possible,  treated 
with  5  c.c.  of  dilute  sulphuric  acid,  shaken  until  the  precipitate 
is  well  broken  up,  treated  with  25  c.c.  of  strong  hydrogea  sulphide 
water,  filtered  through  the  same  filter  as  was  last  used,  imd 
washed  with  cold  water.  By  this  time  it  is  safe  to  assume  that 
the  lead  sulphide  is  free  from  all  calcium  and  iron.  The  filler 
and  precipitate  are  once  more  returned  to  the  original  flask,  dis- 
solved by  boiling  with  5  c.c.  of  concentrated  hydrochloric  acid, 
boiled,  and  then,  when  the  hydrogen  sulphide  is  practically  all 
expelled,  treated  with  2  or  3  drops  of  concentrated  nitric  acid 
to  remove  the  last  traces  of  hydrogen  sulphide.  Now  25  c.c.  of 
cold  water  are  added,  and  the  solution  treated  exactly  as  in  the 
standardization  of  the  ammonium  molybdate. 

Remark. — The  smelter  chemists  in  tlie  western  part  of  the 
llniled  StatGw  use  a  much  more  nipid  method,  which  gives  good 
results  in  the  hands  of  an  experienced  operator,  provided  the  lead 
cor.tcnt  uf  the  ore  is  greater  thnn  fif.ecn  milligrams. 

Proc€<lur€-* —  The  ore  is  dissolve:l  in  hydrochloric  acid  or 
hydrochloric  and  nitric  acids,  ana  the  solution  is  filtered 
while  hot  without  diluting  any  more  than  to  prevent  the 
acid  attacking  the  paper.  The  residue  is  washed  rapidly 
with  a  hot  solution  of  ammonium  clilorido  until  the  washings 
sliow  no  blackening  when  tested  with  anmionia  and  a  drop  of 
anununium  sulphide.  The  filtrate  is  made  just  alkaline  with 
ammonia  and  a  slight  excess  of  ammonium  sulphide  added.  The 
li(|uid  is  h'-ated  to  boiling  aud  the  precipitated  sulphides  are 
filtemd  off  and  washed  with  hot  water.  (I'he  alkaline  earths  may 
be  detcrniiued  in  the  BJtrate  if  deaircd.)  The  sulphides  are  dis- 
solved in  hut,  dilute  nitric  acid  aud  the  ri'sulLing  solution  is  caught 
in  the  same  beaker  in  which  tlie  sulphides  were  precipitated. 
About  7  c.c.  uf  concentrated  sulphuric  acid  are  added  and  the 

*  ThU  rrM^Lhod  ytaa  ubluitml  tliroiigh  Ihc  courtesy  of  Mr.  Fraaklia  G.  Uills 
of  tlic  Anwricaa  Smelting  nud  Refilling  Co. 
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liquid  evaporated  until  dense  vapors  of  sulphuric  acid  are  evolved. 
After  allowing  to  cool,  20  c.c.  of  water  are  added  and  the  liquid 
boiled  to  dissolve  the  anhydrous  ferric  sulphate.  The  precipitated 
lead  sulphate  is  filtered  off,  washed  free  from  acid,  dissolved  in  a 
slight  excess  of  ammonium  acetate  solution*  and  diluted  with 
water.  After  heating  to  boiling,  the  hot  solution  is  titrated  with 
ammoniimi  molybdate. 

The  above  procedure  serves  when  alkaline  earths  are  present; 
but  when  these  are  known  to  be  absent,  the  original  solution  of 
the  ore  is  at  once  evaporated  with  sulphuric  acid  and  the  resulting 
lead  sulphate  can  be  dissolved  in  anuuonium  acetate  solution  and 
titrated  without  any  purification. 

'  If  too  much  BinmoDiuin  acetate  solution  la  used,  a  tnuuftory  end  point 
la  obtained  in  the  sulHequeat  titration.  It  is  necessary  to  uae  a  hot  solutloo. 
which  does  not  contain  too  much  of  the  salt.     See  page  176. 


PART  TTT. 
GAS  ANALYSra 


The  chemical  analysis  of  gaa  mixtures  is  aRrompllnh(>i]  uaually 
by  mpafliiring  ami  rarely  by  wciphing  the  individual  winstitupnts, 
8f>  that  it  is  nistnmary  to  pxprpss  tlio  rr-siilta  in  per  wnt.  by  volume. 
But  inasmuch  as  Iho  volume  <>f  a  gas  is  influpncnd  to  an  extraor- 
dinary extent  by  the  tcmprraturo  and  preaaure,  it  is  necpsaary 
to  rp<iuPO  oach  mcasurtiment  to  standani  conditiona  of  f^nipcra- 
turc  and  presaiire,  and  further  to  tako  care  that  these  remain 
constant  during  the  whole  of  the  analj-sis.  A  volume  of  gas  V 
measured  over  water  at  (°  C.  and  It  mm.  btirometrir  preHsiirc,* 
is  reduced  to  the  volume  which  it  would  assume  at  0°  C.  and 
760  nun.  pressure  in  a  dry  condition  by  means  of  the  formula 

In  this  formula,  V^  represents  the  reduced  volume,t  V  the 
volume  of  the  gas  at  t"  C.  and  B  mm.  pressure,  w  the  ten.sion 
of  aqueous  vapor^  and  a  the  expansion  coeihciont  of  the  gas 
(-0.003665). 

Aa,  however,  «  =  275-  the  above  fonnula  may  bo  wiitlen  ai 
follows: 

""  760(273+0' 

*  Ilr-ft!  ia  understood  the  bvameter  rvadinx  reduced  to  O'  C  Tho 
reduotion  ia  sccompluihed  by  meaos  of  the  rormuU: 

•  i-t-at  ' 
In  which  Bt  represents  the  reduced  reading,  B  the  actual  reading  at  P.  « 
tho  Fxpiuutiuii  euriTiciciit  uf  mercury  (■■0,000181),  ^  the  linear  coeindcnl 
of  expBJiHion  of  glam  (-0.O0O(X)S6).  For  moHt  purposm,  however,  the 
reduction  to  0°  C.  can  be  tneuic  with  ftufTicip-iit  accuracy  by  mskini;  the 
fullowing  deductjorui  from  the  uctutil  rcadioga: 

S°-I2° 1mm.    I   2!'-28" 3  mm. 

I3"-20* 2   "      \   29'-35' 4   " 

t  Or  volume  under  tlandard  amdiiitm*.  7*9 
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Instead  of  reducing  the  observed  volume  to  the  standard 
conditions  by  wmpiitftlion,  It  can  be  effected  mechanically  by 
compression  (iicc  p.  388). 

The  Collection  and  Confinement  of  Gas  Samples. 

Since  all  j;ase^  JilTinje  rapiilly  iiil"  one  aiioLhKr  even  when 
separated  hy  iHirmis  si.>Iid  bmlics  or  liquids,  it  is  evident  that  the 
collection  of  the  sample  and  it«  pntic'rvation  offeiy  certain  diffi- 
culties. If  a  gaK  is  confineil  in  a  bt-U  jar  over  water  ami  thus  kept 
out  of  contact  with  tlic  air,  it  will  he  found  that  dilTereiit  rcaults 
will  he  obtainal  in  tho  analysis  of  the  gas  from  day  to  day.  The 
air  gra<lually  i>cnctrates  tlirough  the  water  into  the  hell  jar  and 
in  tho  eamo  way  tlic  gas  within  the  jar  gradually  difTiises  into 
the  atmoBphere.  This  ptocesa  will  continue  until  finally  the 
composition  of  the  gaa  both  within  and  without  the  jar  is  Iho 
same.  The  rapidity  of  the  diffusion  tlepcnds  upon  the  extent 
to  which  tlie  gases  are  absorbed  by  the  liquid  which  separates 
them,  Those  liquids  which  absorb  the  gases  readily,  allow  them 
to  pass  through  it  rapidly^  and  consci^uently  cannot  be  used  for 
keeping  the  ga^es  apart.  Of  all  liquids,  mercury  is  best  suited 
for  the  purpose,  because  it  absorbs  only  minimum  amounts  of 
ihe  different  gases. 

Gases  which  combine  chemically  with  mercury,  such  as  chlo- 
rine, bromine  vapors,  hydrogen  Biilphide,  etc.,  cannot,  of  course, 
be  collected  over  merpury:  it  is  best  to  collect  them  In  dry  glass 
tubes  and  to  seal  the  latter  by  fusing  together  the  open  ends  in 
case  the  gas  cannot  be  analyzeil  immediately.  Tlirough  glass 
them  is  no  diffusion,  so  that  gases  may  be  kept  unclitmged  in  sealed 
tubes  for  years. 

If  the  gas  is  to  be  analyzed  within  a  few  days  after  \ha  tima 
of  ojlleclion,  it  can  be  kept  in  pijwtto-fihaped  tubf-.  Tlu;  ends 
are  cbsod  by  tliick  pieces  of  rubber  tubmg  into  each  of  whidi  la 
inserted  a  piece  of  gla-es  stirring-rod  with  muniled  ends;  where  the 
rubber  tubing  comes  in  contact  with  the  glass  it  should  be  (a-iiened 
tightly  with  wires.  It  is  not  permissible  to  keep  gases  in  such 
tuben  for  a  oonsiderablo  length  of  time,  for  rubber,  particularly 
wlien  it  has  become  hard,  pemiitd  the  diffusiou  of  gaaea  to  some 
extent. 
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For  Iras  aepiirato  analyses,  the  gases  may  be  collected  over 
wator  which  has  been  prp\ionsly  aaturatcd  with  the  gas  to  be 
ana]yzc<l,  antl  ihe  armh-sis  must  be  made  immediately  afterwards. 

From  what  has  hofn  said,  it  w  evident  that  care  must  be  taken 
in  collecting  and  koeping  the  gas  iu  he  analyzed.  We  will  now 
consider  briefly  a  few  practical  examples. 

(a)  Collection  of  Cfases  in  AecessibU  Places. 

I.  The  neck  of  a  200-c.c.  flaak  \s  drawn  out  somewhat  and 
a  glass  tube  is  inserted  and  about  SOO  c.c.  of  the  gas  to  bo 
analyzed  are  drawn  through  the  flask  by  means,  of  suction 
(Fig.  98).  The  neck  of  the  flask  is  closed  by  means  of  a  rubber 
cap  tmd  the  glass  is  fused  together. 

(6)  Collection  of  Gases  from  Inacccsaibie  Plaeea. 

The  rubber  tubing  G,  Fig.  99,  is  connected  on  one  aide  with 
the  a.spirator  A  of  about  30  liters  capacity  and  on  the  other  with 


1 


Fia.  lui. 


Flo.  B9. 


the  anuTce  of  the  pas,  and  water  is  allowed  to  flow  quickly  from 
the  former.     Ifter  5  or  6  litcra  have  run  out,  the  air  i^  usually 
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completely  expelletl  from  the  rubber  tubing  and  replaced  by  the 
gas  to  be  analyzed,  so  that  it  is  now  ready  for  collecting  the  sample. 
For  this  purpose  the  stop-oock  //  is  turned  90*  to  the  right,  so  that 
thj  vessel  R,  which  is  to  receive  the  gas,  is  in  coramunicatioQ 
with  the  outer  air,  and  the  air  is  expelled  from  it  by  raising  the 
mercury  reservoir  .V.  The  stoij-cock  is  then  turned  back  to 
the  position  shown  in  the  fifpire  and  H  is  filled  with  the  gas  by 
lowering  N.  As  the  tubing  between  the  T  tube  and  the  stop- 
cock contained  impure  gae,  R  is  again  hlled  with  mercury  and 
the  gas  expelled  into  the  air.  After  the  process  has  been  repeated 
three  times,  the  receiver  is  filletl  for  the  last  time  with  the  gas, 
//  is  closed.  A'  is  lowered  so  that  the  pressure  iji  the  tube  is  leas 
than  tliat  of  the  atmosphere,  and  the  ends  of  R  are  fused  together 
first  at  a  then  at  b.  Durmg  this  sealnig  of  the  tube,  it  should 
be  removed  from  the  ring-stand  so  that  the  tube  can  be  revolved, 
a  little  wliile  being  heated  in  the  flame. 

In  sealing  the  tube,  the  ends  are  drawn  out  into  a  capillary  as 
shown,  in  K',  Fig.  99, 

If  it  is  necessary  t^>  obtain  the  gas  from  places  at  a  very  high 
temperature,  e,g.,fnj'r.  blast-furnaces, producers,  ^.^ 

etc.,  glass  tubes  would  melt,  and  if  ordinary  pj 

iron   tubee   were   not   melted  they  Mould  de-  b^  ''■  "^ 

compose  the  gas.  In  this  case  it  is  best  to^  = 
use  the  water-jacketed  iron  tube  devised  by 
St.  Clairv  Deville  and  shown  in  Fig.  100.  Cold 
water  is  run  Jnti^  the  outer  condenser  at  a 
and  allowed  tu  run  out  at  b,  aaJ  the  gae  is  col- 
lected as  describeil  above  through  the  tube  c. 
It  is  imiHjrtant  that  Uic  water  should  run 
through  the  tube  fast  enough  Ut  keep  the  inner 
tube  cold,  otherwiae  tlie  gas  will  be  decom- 
posed, hy  this  means  thfrre  is  no  difficulty  hi  coUcctJng  gas 
samples  from  diffunnii  heights  of  the  glowing  layers  of  coal  in 
blast-funiaces  or  producers. 

Collection  oj  Gases  Arising  from  Mineral  Springs. 

The  receiver  R  is  connected  with  the  funnel  T  by  means  of  tha 
rubber  tubing  q  (Fig,  101).   All  these  parts  ot  the  apparatus  ai« 
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Bllod  with  spring-water  and  the  gas  is  aiUiwod  to  ascend  uj)  Ihroiigli 

the  fTinnut  lu  Hhiiwn  in  the  illustration. 
In  nnlcr  that  tho  gas  n^ay  pass  from 
the  fiinurl  into  the  receiver,  R  is  raised 
Bn  thai  only  the  tubing  -p  rcraains  in 
thi'  water  while  tho  funnel  iH  lowcret' 
as  deep  as  possible,  causing  pressure 
enough  tfl  drive  the  gas  over.  This 
tithing  in  then  closed  just  aliovc  a  by 
means  of  a  scrcw-conk,  a  beaker  filled 
with  j^pring-watcr  is  placed  under  p, 
the  apparatus  removed  from  the  spring, 
and  both  ends  of  R  arc  fused  together 
with  the  hlowpijM!.  If  the  gas  is  to 
be  analyzed  wiihin  two  or  three  days, 
the  receiver  may  be  closed  by  pieces  of  short  rubber  tubing  each 
containing  a  short  piece  of  glass  rod  with  rounded  ends.  All  of 
guch  connections  must  be  faat4?nod  by  means  of  wires  where  the 
glass  comes  In  contact  with  the  rubber.  According  to  the  above 
method  tho  gas  arising  fmm  the  thennal  springs  of  linden,  Switze> 
land,  was  cnUocted  and  analyRod.  *  The  results  (vbiainod  showed 
that  it  makes  but  liule  difference  which  method  is  used  for  closing 
the  receiver,  provided  the  analysis  ia  made  within  a  short  timcf 
100  CO.  of  the  gas  contused: 


Fio.  lUl. 


• "  Chomischo  Lrnt««uchung  der  Schwefeliherme  von  Baden  (Kaotoa 
Aantau),  "  by  V.  P.  TrciwlwcU,  IH9B. 

t  T\\K  MIowiTiK  iiriiklyxi'ii  iltiictnitc  Lhrr  importAnce  of  ooaijiinf;  tho  gBB 
eoon  after  il  han  been  collected,  Ikilh  aampiiw  wprc  taken  at  t-lic  Mune  time 
null  one  wiia  iinalyted  promptly  but  the  other  only  aflw  twxi  yeara  and  a 
half  had  pIjipbmI.  The  itae  nscuivia-  wna  cluecd  by  frtwh  rubtKT  tubinn  con- 
biinin^  «  piece  of  stirring  rod  with  rounded  edsra,  and  precauti»ii  wae  Uikoa 
to  wire  the  cooncctiona  tightly.    Tho  rubber  remained  soft  and  flexible. 
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Nitrogen 69.13 

Carbon  dioxide 30.81 

Uydruxvu  sulphide. 0.05 

Oxygen 0.00 


n 

OB.  15 

30.00 

0.05 

0.00 


119.99  100.10 

Sample!  was  collected  and  tbe  ends  of  the  receiver  fused  to- 
gether, while  with  sample  II  the  ends  were  closed  by  means  of  rub- 
ber tubing  and  glass  rods,  and  analyzed  five  days  later. 

CoUerliim  of  Gfutrs  Abnorbed  in  •^primj-wattr. 
Of  the  many  different  methods  which  have  bwiri  proposed  for 
the  aualysctj  of  the  abisorbcd  gases  in  spring-waler,  the  author  boa 

found   llie  following 
to  give  the  best  ro- 

BUltK. 

The  HafikA,Fig. 
102,  U  filled  with 
spring-wattT  up  to  ite 
uijper  etige  and  the 
nil»l>er  stopper  con- 
taining the  tulle  L, 
whieli  in  fused  to- 
gethi.Tat  the  bottom 
but  hiiH  an  opening 
on  the  side  at/,  is  im- 
mediately placed  in 
the  neck  and  pressed 
down  to  the  mark. 
The  tube  L  is  raised 
so  that  the  opening  I 
is  within  the  stop- 
per, thus  making  an 
Pio  102        I  V  air-tight  ronnection. 

The  bulb  K  is  now 
connected  with  L, 
filled  half  full  with  distilled  water  and  connccU><I  with  the 
r'apillary  tubing  C,  although  the  latter  is  not  yet  connected  with 
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the  measuring-tube  B,  as  ahown  in  the  illustration.  The  Icvelling- 
tube  N  is  next  raised  until  mercury  begins  to  flow  out  of  the 
right-angled  capillan'  tube,  when  llie  stop-cock  //  U  clo-wd.  After 
this  the  water  in  the  bulb  K  (which  w  hcltl  in  an  inclined  position) 
is  boiled  for  three  minutes,  meanwhile  wanning  the  capillary  tub- 
ing connected  with  the  measuring- tube  Unless  thw  last  precau- 
tion 18  taken,  the  capillar}-  tubing  w  likely  to  break,  particularly 
in  winter.  After  the  water  in  K  has  boiled  vigorously  for  throo 
minutes,  the  flame  is  rc-moved,  C  w  quickly  connected  with  the 
measuring-tube  B  and  the  rubber  connection  u  securely  fastened 
with  wire.  By  boiling  the  water  in  K,  a  complete  vacuum  is 
produced  in  the  Inilb,  so  that  the  gas  can  be  at  once  collected 
from  the  spring-water.  For  this  purpose  the  tube  L  is  pressed 
down  through  the  rubber  stopper  unUl  the  opening  I  comes 
just  below  its  lower  edge,  the  levelling-tubc  N  is  lowered,  and 
the  stop-cock  //  is  opened.  At  once  there  is  a  lively  evohition 
of  gas  from  the  water  in  A  and  this  is  subsequently  maintained  by 
wanning  the  water.  As  soon  as  the  eudiometer  is  full  the  stop- 
cock is  closed  and  the  volume  of  the  gas  read  after  bringing  the  mer- 
cury to  the  same  level  in  iV  that  it  is  in  J9.  At  the  some  time  the 
temperature  of  the  water  in  the  condenser  M  is  taken  by  the  ther^ 
mometer  T  and  the  barometer  is  read.  The  gas  is  tlien  driven  over 
into  the  Orsat  tube  0  containing  potae^um  hydroxide  solution  (1:2) 
and  allowed  to  remain  there  for  the  time  being.  Meanwhile  tlie  boil- 
ing of  the  water  in  A,  measurement  of  tJie  gas  in  B,  etc..  are  con- 
tinued until  finally  no  more  gas  is  evolved  from  the  spriug-wat«r. 
All  of  the  gas  is  driven  over  into  the  Orsat  tube  after  ita  volume 
has  been  noted  and  by  means  of  the  caustic  potash,  the  carbonic 
acid  is  c)uantitatively  absorbed.  The  unabsorbed  gas  is  again, 
driven  over  into  B  and  its  volume  read.  By  correctly  r^ulat- 
ing  the  velocity  of  the  current  of  wat*r  flowing  through  ttie  con- 
denser, it  is  easily  possible  to  maintain  a  constant  temperature 
thmnghout  the  whole  of  the  experiment.  The  residual  gas  remain- 
ing after  the  absorption  of  the  carbon  dioxide  consists  usually 
of  nitrogen,  oxygen,  and  in  some  cases  methane.  It  is  trans- 
ferred to  the  apparatus  of  Hempel.  and  analyzed  according  to 
methods  which  will  be  described  further  on. 

According  to   this  method,   the  detennioaUon  of  nitrogen, 
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m^gen,  and  methiuie  gives  exact  rcBuIts^  but  the  apparent  amount 
of  carbon  dioxide  is  sometimes  too  much  and  somoiimeB  too  little. 
If  the  water  cotitaitis  large  amounts  of  bicarlmnatc  in  solution, 
the  carbonic  acid  found  will  represent  more  than  was  originally 
present  in  the  free  state,  for  auch  substances  are  partly  decom- 
poaeid  by  boiling  their  aqueous  solution.  On  thf  other  hand  if 
only  a  little  bicarbonate  is  present,  the  result  will  be  too  low,  for 
it  is  not  poasible  to  remove  all  of  the  free  carbonic  acid  from  a 
solution  by  boiling  it  in  a  viicuum. 

Consequently,  in  all  cases  the  free  carbonic  acid  must  be  deter- 
mined by  computalion.  For  this  purpose,  in  a  fresh  sample  of 
the  Water,  the  total  carbonic  acid  is  determined  according  to  j).  393, 
and  then  if  the  composition  of  the  solid  constituents  present  ia 
known,  the  volume  of  the  free  carbonic  acid  can  be  calculated. 

Extimpfe.  — 1000  gms.  of  Taraspcr- Lucius  water  conttun 
7.S767  gms.  of  total  carI>onic  lur'ni.  Of  this  amount,  a  part  of  it 
is  present  in  tho  water  aa  carbonat-e  ("  combined  "  carlwiiic  acid), 
an  equal  amount  aa  "  half-combined  "  carbonic  acid,  and  the  rn- 
maindcr  ia  free  carbonic  acid.  If  from  the  total  amount  of 
carbonic  acid  the  "  combined  "  and  "  half-combined  "  acid  ia 
deducted  (or  what  is  tho  samo  thing,  double  the  amount  of  the 
*'  combinorl  "  carbonic  acid),  the  difference  rt-prcscnts  the  amount 
of  free  carbonic  acid  present. 

Calculation  o/t}ie  "  Combined  "  Carbonic  Acid. 

This  ia  obtained  by  mtiltiptjing  the  difference  between  the 
number  of  cations  and  anions  Cexpresaed  in  univalent  ions)  by 
the  molecular  weight  of  onrlionic-acid  (CO3)  ions  and  dividing  by 
two,*  because  the  sum  of  the  cations  In  every  salt  solution  is 
equal  to  that  of  the  anions  present  when  both  are  expressed  ia 
tmivalent  ions. 

The  "  univalent  ions  "  are  obtained  by  dividing  the  amount 
in  grams  of  each  clement  (or  radical)  present  by  its  atomic  (or 
molecular)  weight  and  mulliplyinK  by  the  valence. 

*  For  the  C0|  ion  ia  bivalent. 
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(a)  CaUuialion  of  the  CalioTia, 

1 

1000  gms.  Lucius  water  contain: 

<"«"■     ^"S"'                V^-     ''to^' 

I'otaMimn O.lfifiai;  39  10-0  00425   Xl-0.0U2fi 

LUl.ium n  IHHlH:     7  00-0  00131   XI -0  00131 

Animwiium COUniS:  18.O1-O.00073  Xl-0. 00072 

Cakiiini 0  62«lil  :  40. 00-0. 01564   X2-0. 03128 

Strnnlium 0  00N7ii :  ft?  62-0.00010  X2-fl  00020 

Iron OOOGin:  55. S£-0  00011   X  2-0  00022 

MatiK&nem 0.00021  :  54.93-O.00OOCMX2-0.000OI 

Sum  ot  the  cations-0. 22351 

(6)   Caletdalion  of  the  Aniont. 

Cblonne  CH) 2  40000;    35.I6-0-0Q768  Xl-0.06768 

B^>minc(Q^) 0.»iS!)(l:   7d.f)2-O.O0035  Xl-0. 00035 

Sulphuric  aciJ  (8O4) 1.72(KW:    96.07-0,01701    X2-0  OX5S2 

Boric  iicicl  (nOi) 0  57600:    45.0   -0.01540  Xl-0  Oi:t40 

Plioeplinncitoid  CI'OO--..  0.00008;    flS.O   -0.00000  X3-0. 00000 
aUicio  acid  C^iOO 0.0H21:  70.3  -0.00019  X2-0.0003S 

Sum  of  Lbc  atiionit      —0,11 704 

Sum  of  the  rjitiona     —0.22364 
Sum  uf  the  anions       — 0.117M 

C0|  aniuna  rcnuuaing  — 0.10500 

ezpreaied  In  tmlvabjnt  Ions. 

A«  CO,  U  «  bivnlmt  ton,  half  of  this  wnount  reprcaeot«  tlie  actual  amouol 
of  COj  iona  preeent: 

0.  lawo    „  ^,^, 

-0.05295. 

2 

i 
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Caicutation  of  the  Free  Carbonic  Acid. 

Total  nmount  of  cnrbonic  acid  (COj)  present 7.877  gma.  p^rHtet- 

Amount  uf  "cunibicieil"  cnrbonLc  acid 2.330    "       "     *' 

Amount  orfree+"ha]J-combinc<r'  carbonic  nciJ  .S-M7    "      "    " 
Amount  ot  " lialf-cuJuLiiiDj "  carboaic  acid 2.3M    "      "    ** 

Amount  of  free  carbonic,  acid 3 .217    "      "    " 

TliM  wciitbt  of  ciLrljoQ  dioxide  occujiiw  1637  oji.  und«r  ttAndard  COb- 
ditions. 

By  boiling  S28.3  gms.  of  tho  water,  1S68.9  c.c.  of  CO,  were 
obtainetE  ut  8.4**  C.  aritl  051  mm.  pressure,  containing  only  traces 
of  iiitnjgen.  This  correspnnds  to  1851.4  c.c.  at  0°  C.  and  760  nun. 
prt'Ksure,  \n:r  lit«r,  which  is  more  than  the  calculated  amount, 
beuaitse  Itic  carbonic  acid  gas  consisted  partly  of  free  and  partly 
of  "  half-combined"  carbonic  acid. 

In  cases  where  the  amount  of  bicarbonate  present  is  very 
small,  the  total  amount  of  carbonic  acid  obtained  by  boiling  the 
water  is  always  too  small.  Thus  in  the  case  of  the  thermal  \"ater 
of  Baden,  by  boiling  there  was  obtained: 

Nitrogen 14.43  c.c.  per  liter 

Carbon  dioxide 112.12  "     "      " 

126.55  «     «     " 

while  from  the  analysis,  the  free  carlxtnic  acid  was  computed  tb 
be  180.52  c.c.  The  absorbed  gas  in  the  thermal  water  of  Baden 
is,  therefore, 

Nitrogen 14.43  c.c.  per  liter 

Carbon  dioxide 180,52  "      "      « 

194.95   "      "      " 

Renvtrk. — Tr^^th  the  above  method  of  collecting  the  gas,  it  is 
difficult  to  prevent  some  water  getting  into  the  me-asuring-tube  B, 
by  means  of  which  a  small  amount  of  the  gas  will  be  reabsorbed. 
This  difRcuhy  Li  avoided,  however,  if  the  flask  shown  in  Tig.  103  ia 
uaed  to  coDtAin  the  water. 
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This  flask  is  pro\'ided  with  a  ehort  tube  blown  Into  its  npcV 
neaJT  the  tup   and  uonncctcd  by   mcaufi  of   ihick- walled   nthhcr 

tubing  w.th  the  mercury  rescrv'oir 
R.  In  order  to  determine  the  con- 
tents of  the  flask,  a  scraich  ia  made 
on  the  small  tube  about  4  cm. 
frnm  the  ncok  of  the  flask,  the 
mercury  is  driven  over  just  to 
this  mark,  and  the  rubber  tubing 
tightly  clo8«I  by  means  of  a  screw- 
oock.  Tlie  reservoir  is  then  emptied 
of  mcrcurj-,  anil  the  flask  is  weighed 
together  with  the  stopper,  glass 
tube  L,  rubber  tuliing,  and  what 
m^cury  remains  above  Q.  The 
flask  Is  then  filled  with  water,  the 
stopper  pressed  down  tn  the  mark 
in  the  neek  of  the  flask,  and  the  tube 
L  is  raiMHl  untd  the  lower  opening 
I  romrs  within  the  srtopper.  After  dn,*ing  the  tube  L  with  bioiiiivg- 
paper,  the  flask  and  itA  <^ntcnt8  are  weighed.  Its  capacity  u 
then  rtfhed  upon  it. 

For  tho  clctemiination  of  the  ganca  absorbed  in  a  Uquld,  the 
flask  A  is  fiU»l  with  it  in  the  same  way  as  in  the  dcteniiination 
of  its  capacity,  the  bulb-tube  A',  half  filled  with  distilled  water 
is  connected  with  L,  and  the  latter  is  coxmccted  with  a  cnpillaiy 
tube  as  shown  in  Rg.  102.  The  air  is  removed  from  K  and  the 
capillary  tubing  by  lioiliug  the  water  iu  the  former,  as  described 
on  p.  735,  and  the  capillary  is  then  connected  with  the  measuring- 
tube  li,  Fig,  102.  The  heavy  ruhl»er  tubing  is  now  connected  with 
the  reservoir  as  shown  in  Fig.  103,  and  the  latter  is  placed  in  a 
beaker  of  hot  water.  The  tulie  /.  is  introduced  into  the  neck 
of  the  flaj^k  until  the  opening  I  can  just  be  seen,  and  the  gas  is 
expt'lled  in  the  same  way  as  described  on  p.  735,  except  that  in 
this  ca.<o  the  liquid  i.*(  not  allowed  t-o  rise  so  high  in  K.  After 
thr<*-tiuarters  of  an  hour  the  gas  will  he  romplrtely  expelled 
from  the  liquid.  The  last  portion.^  of  the  gas  are  driven  over  into 
li  by  lowering  the  levelling  tube  .V  (Fig.  102),  raising  the  mercury 
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reier\-oir  R  (Fig.  103),  and  carefully  opening  the  screw-cock  Q. 
A  WBirn  stream  of  mercury  will  then  flow  into  the  flask,  expelling 
Ihc  Ras  into  the  measuring-tube.  As  soon  as  the  liquid  in  A  has 
been  tiriveii  ovor  as  far  as  the  atop-cock  //,  this  is  immediately 
closed.  OtIuaT\iso  Uie  procedure  is  the  same  as  was  described 
on  i>.  735. 

In  onler  to  U^i  the  accuracy  of  this  method,  the  author  made 
a  few  (letflmiinaiioiis  of  the  oxygen  absorbed  in  the  lake-water  at 
Ziirirh,  and  thn  rcaults  were  compared  with  those  obtained  by 
-E.  Martz  in  this  laboratory  by  means  of  the  method  of  L.  Winkler 
(sec  p.  760). 

nXYGRN    fS    1    LITKR   OP  Btmicn     LAKB-WATna, 


Modified  P«ll»r»on  HetboJ. 


7.66  C.C. 


II 

7.74  C.C. 


Hetbod  of  L.  Winkler, 


I 
7.67  cc. 


n 

7.76  cc 


Collection  of  Gases  Absorbed  by  Defibrinatcd  Blood. 

The  author  has  used  for  lliis  purpose  the  apparatus  shown 
Ui  Fig.  104.     The  experiment  ia  carried  out  aa  follows: 

First,  the  rubber  tubing  which  comiecta  .V  and  A  is  filled 
with  mercur)'  by  raising  the  levelling  tube  A"',  and  the  piach- 
cock  h"  is  closed.  "Rtien  the  gas  burette  C  is  likewise  fdlcd  with 
mercury  by  raising  D  and  the  stop-cock  h  is  turned  to  the  position 
shown,  in  the  drawing.  By  raising  the  leveling  lube  N,  the 
bulb  K  and  the  vessel  .1  arc  filled  with  mereurj',  which  is  allowed 
to  flow  into  the  funnel  M  up  to  the  line  a  and  then  the  stop- 
cock K  ia  closed.  The  blood  to  be  examined  is  poured  into  M, 
N'  is  lowered,  and,  by  carefully  opening  h,  the  mercury  is  allowed 
to  faU  from  M  until  it  ju.Ht  reached  the  stop-cock  h^  which  is 
then  closed.  Af  is  now  filled  innth  blood  to  the  mark  6,  A  is 
opened,  .and  the  blood  \a  sucked  down  until  its  upper  level  is 
exactly  at  the  line  a,  when  h  is  closed  once  more.  The  levelling 
tube  N  \s  lowered  until  a  good  vacuum  is  produced  in  A  and 
the  mercury  level  falls  to  near  the  bottom  of  K.    'HTicn  this  is 
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accomplishod,  the  gas  escapes  from  the  blood  so  rapidly  that 
all  of  A  is  fnled  with  foam;  after  a  few  minutes,  however,  the 
effervescence  subsides  and  all  the  blood  collects  in  K.  Then^ 
the  leveling  tube  N  is  raised  until  the  blood  reaches  the  cock  A' 
and  the  latter  \&  then  closed.  In  tlitH  way  the  greater  part 
of  the  gas  absorbed  is  separated  from  tlie  blood.  The  leveling 
tube  A"  is  raised,  h"  opened  so  tliat  the  gas  in  A  is  under  pressure^ 
and  by  proiwrly  opening  K  and  the  burette  stop-cock,  the  gas 
is  driven  over  mUy  the  measuring  burett*  C;  when  this  is  accom- 
plished, k  is  closer!,  A''  lowered  until  the  mercurj'  reaches  the 
oock  h"  which  is  then  closed  an<i  h'  opened.  The  blood  again 
effervesces,  but  not  so  vigorously  as  before.  The  bulb  K  is  now 
surrounded  hy  water  at  55**,  which  causes  further  effervescence 
from  the  blood.  As  soon  as  the  foam  subsides,  the  gas  is  again 
driven  over  into  C  and  the  process  of  evacuating  is  continued 
until  the  blood  ceases  to  cffer\-esce.  Thn  volume  of  the  gas  in  C 
is  finally  read,  the  temperature  and  pressure  noted,  and  the 
aaalysis  carried  out  aa  described  on  p.  775  or  780. 

The  Transference  of  Gases  in  Sealed  Tubes  to  the  Apparatus 
Used  for  the  Analysis, 

We  will  assume  the  gas  to  be  contained  in  R,  Fig.  105.  Ovct 
one  of  the  short  tul)cs  coimectcd  with  the  Ihreo-way  stop-cock  //  is 
placed  a  piece  of  thick -walle*!  rubber  tubing  which  contains  a  short 
piece  of  heavy  gla.ss  tubing  r.  The  stop-t^)ck  is  tlien  revolved  so 
that  the  rubber  tubing  is  above  it  and  the  latter  ia  filled  with  tner- 
ctiiy.  H  is  then  tunieil  IStf  toward  tlie  left  ho  that  the  left  and 
upper  tubes  connnunirale  with  one  another.  As  soon  as  the 
mercury  begins  to  run  o.it,  the  st*)p-cock  is  closed.  One  end  of  R 
is  then  introduced  into  the  rublrer  tubing  contwning  the  mercury 
BO  far  that  its  drawn-out  point  reaches  within  r,  ami  the  rubber 
tubing  is  setrurely  fastcuei)  by  wiring.*  In  a  similar  way,  the  other 
end  of  R  is  connected!  with  the  nibljcr  tubing  fille<l  with  mercury 
of  the  1  e veil ing-tu lie  jV,  an<i  after  this  the  stop-cnc k  U  is  connected 
with  the  measuring  appanitus  li*  by  means  of  the  capillar)'  tubing 

*  Annt^sled  iron  wiro  U  uMcd.  Cuppur  or  bmai  wim  wuuld  ba  Lkelj  to 
become  junalgfunAted  with  mercury. 


Fia.XOS. 


nel  T.  The  slop-cock  //  is  turned  so  that  communi<'fttion  is  estAb- 
lithccl  (wtwccn  Ti  aiif!  H',  nni!  the  cmls  of  the  former  are  opened 
by  pressing  the  capillarica  against  r  and  r'.  Then,  by  raiaiig  N 
And  lowering  K,  tlie  gaa  is  re&dily  driven  over  Into  W. 


Calibrating  Gas  Heasaring  Vessels. 

^Tipn  vcsBcls  are  purchased  to  tjc  usei!  in  measuring  gases 
the  correctness  of  the  calibrations  should  always  be  tested;    the 
testing  can  be  done  vrith  water  or  with  mercurj'.     The  calibration 
with  water  is  carried  out  in  exactly  ttic  same  wi.y  as  was  described 
for  vessels  to  be  used  In  measuring  liquids  (cf.  pp.  S22-oOO), 
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The  ctUibration  by  moans  of  mercurj*  will  he  illustrated  by  an 
example.  We  shall  assume  llmt  it  is  desired  to  calibnU*  the 
apparatus  shown  in  Fig.   IOC.     The  vessel  must  be  thoroughly 

cleaned  and  then  placed  in  a  vertical 
position  as  show-n  in  P'ig.  100  II.  The 
lower  capillary  a  is  connected  by  moans 
of  thick-walled  rubber  tubing  Hith  a 
leveling  vessel  containing  raerourj',  and 
f '^  ^^  the  Diercurj'  ia  made   to   ri,se  slowly   in 

L  ^^3         t'^P  vessel   to   a   little  above   the  upper 

mark.  The  sloi>-«ock  is  then  closed,  the 
leveling  tube  together  with  the  ruliber 
tubing  IB  removed,  and  the  mercury  al- 
lowed to  Jk»w  out  slowly  until  the  highest, 
point  in  tlic  nn-niscus  is  exactly  tangent 
to  the  Jionzontui  plane  through  «'«'.  To 
avoid  a  paralla.\  error,  the  rending  is 
taken  by  means  of  a  telescope  placed 
2  or  3  mm.  away  from  the  glass.  The 
whole  contents  of  the  vetael,  including 
the  space  in  the  stop-cock,  is  next  al- 
lowed to  nm  into  a  tared  flask,  which 
is  then  weighed  to  the  nearest  centigram. 
After  determining  the  temperature  of  the 
niercurj',  its  volume  can  be  found  by 
nuains  of  the  table  (top  of  ptiije  715)  pre- 
pared by  Scidosser  * 

If  the  weight  of  the  mercurj'  at  20.3® 
graa.,   then    its    volume  corrcstM»n<!s  to 


Fio.  106. 


amounted  to  2025.2() 
-  'g^=H9.41.  Since,  however,  mercury  forms  a  convex  menis- 
cus and  the  volume  is  desired  up  to  the  plane  aa',  it  is  evident 
that  the  volume  of  mercur>-  weighed  did  not  include  the  space 
a'a-aa'  and,  moreover,  since  the  instmmcnt  ia  to  be  u.«;d  in 
the  reversed  position,  the  error  is  really  twice  as  much,  as  is 
evident  from  the  inspection  of  Fig.   106  I.     This  ia  called  the 

*  SchlOaoer  and  Crimm,  Z.  Chem.  App.-Kundt-,  8,  201  (1907). 
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WBJOHT  of  1  C.C.  OP  MKRCTIBY  IM  AIR  AT  TEITPRRATURES  BeTWEBH  15*  AND  20", 

\arnuU  tcmiK^nimn.'  15". 


T«rapora'tur« 

V!9\^l      1 

Tniit)»eriitur« 

VVeicfat       1 

T«mp«i«tan 

WoiriLl 

at  Mercury.                  | 

of  Mercury. 

of  Hweurjr. 

D«c.  C. 

Gm*. 

D«t.C 

Gnu. 

Ut«,  (! 

(1ms. 

15 

13  S593 

20 

13.5480 

25 

13.5385 

15  5 

13  5M3 

20.5 

13.5470 

25.5 

13.S374 

16 

13. 5573 

21 

13,54UH 

26 

13.5364 

16-5 

13.5562 

21.5 

13.545H 

26.5 

13.5353 

17 

13.5552 

23 

13.5M7 

27 

13.5343 

17.5 

1.1.6541 

22.5 

13.M37 

27.5 

13  5333 

18 

13,5531 

23 

13  5426 

28 

13  5322 

18.5 

13.5520 

23.5 

13.5410 

2S.5 

13.5312 

Iti 

13  5510 

24 

13.5406 

20 

13  5301 

19.5 

13  .54<]9 

24.5 

13.S396 

29.5 
30 

i:i  5L>9I 

13  52S0 

double  meniscus  correction.     Its  value  is  dependent  upon  the  bore 
of  the  tube,  aa  ia  shown  by  the  following  table: 

TABLE  or  MENWCrs  COKRBCTroHS." 


Uuubk  McuUcUB. 

Lloubli?  McdUcuh. 

l^iraiili.-  M<iii1miu  Cor- 

DIuDi'U-r  at 

(Vmjpllijri  liir  H||  i'l 

IVrrtTTlliill  f»l    Hi<J   ID 

rr.-ii.iii  <lfi(>— Ilgl  In 

Tubu  jiL  mm. 

uiK" 

inEa.  — uubiQ  iuilliiiii?U>t* 

cubic  milhniftrni. 

3 

76 

12 

3 

4 

108 

20 

6 

6 

174 

31 

9 

6 

314 

44 

10 

7 

550 

61 

to 

8 

700 

81 

u 

g 

1038 

106 

15 

10 

1288 

134 

20 

11 

1540 

167 

27 

12 

I7H6 

■2(M 

36 

13 

2058 

245 

46 

14 

2326 

2R0 

50 

15 

25".!6 

336 

72 

lA 

2872 

387 

88 

17 

3152 

441 

104 

IS 

3436 

499 

123 

10 

3726 

560 

143 

30 

4016 

624 

164 

21 

4314 

091 

187 

22 

4614 

757 

208 

23 

\VXi 

829 

229 

34 

5230 

881 

247 

25 

5544 

038 

264 

2« 

5864 

001 

279 

27 

61 H5 

1042 

293 

28 

6515 

1090 

308 

29 

KM  A 

1135 

315 

30 

71 S2 

1179 

324 

■  W.  Scbl&MuT.  Privato  Commuawntioa. 
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If  the  diameter  of  the  vessel  in  question  is  20  mm,,  then  the 
correction,  according  to  the  table,  would  be  4.016  gms.  and  the 
true  volume  will  be 


2025.26  +  4,016     2029.276 


13.5473 


13.5483 


=  149.78. 


The  volume  of  thitj  iuKtrumcnt,  therefore,  is  0.22  cm,  less  than 
the  intended  l.W  c.f.  The  volume  of  the  narrower  parts  of  the 
tube  cau  be  fouud  in  a  tumilar  manner. 

The  diameter  of  the  tube  ia  best  determined  by  filling  with 
mercury  up  to  u  mark,  then  allowing  it  to  nm  out  until  a  lower 
mark  is  reached,  weighing  the  escaped  mercury,  and  measuriug 
the  distance  between  the  two  marks  with  a  millimeter  rule. 
If  the  weight  of  the  mercury  is  p,  the  distance  between  the  marka 
h,  the  temperature  of  the  mercurj'  20.3°,  then  the 


diameter 


=W 


ft  XrX  13.5483' 


i 


In  many  cases  it  is  Buffieir-ntly  aocunite  to  compute  the  diameter 
from  the  circumference  of  the  tube  and  then  subtract  twice  the 
thickness  of  the  glass. 

If  it  is  de.''ircd  to  determine  the  total  volume  of  a  tube  provided 
with  stop-ctirks  at  both  ends,  the  apparatus  i.<i  weighed  empty 
and  then  Bllrd  with  mercury.  In  this  cane,  it  is  obvious  that  no 
meniscus  correction  ia  necessary. 

For  a  measuring  vessel  calibrated  with  water,  when  in  a 
reversed  position,  the  meniscus  con-cciion  is  obtained  from  the 
tabic  on  page  745.  If  an  instrument  culibrated  with  water  is 
to  l>c  u.?ed  suhacquenily  with  mercun,-,  the  water  nieniscuii  in 
calibrating  the  reversed  tube  occupies  a  similar  position  to  that 
of  the  mercurj-  meniscus  when  the  inBtniiiient  ia  in  use  (rtcc  Fig. 
107)  hut  the  mercun,*  meniscus  is  not  bo  deep  ua  that  of  the  water. 
The  volume  of  the  gas  is  therefore  found  na  much  too  large  as  the 
difference  between  the  simple  ineuiacus  corrections  (HjO— Hg). 
Thus  if  the  volume  of  a  gas  measuring  instrument  of  70  mm. 
diameter  is  found  by  weighing  with  water  to  he  10.167,  according 
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to  the  table  on  page  745,  then  if  the  instrument  Is  to  lie  used  with 
mercurj',  the  gaa  volume  will  I>e  I0.1()7 -0.020  =  10.147  c.c. 

Purification  of  Mercury.     Lothar  Mayer's  Method.  * 

The  mercury  used  for  gas-anatytical  operations  mu.'fl  be 
purified.  The  principal  impurities  are  copper,  cadmium,  rinc 
and  eometimes  silver  and  gold.    The  base  metals  ore  removed 


Fia.  107. 


Tia.  lOS. 


most  readily  by  allowing  the  mercur)'  to  run  in  a  fine  stream 
through  about  a  tiicier  of  8  per  cunt,  nitric  acid.  This  i.i  done 
in  the  apparatus  shown  in  Fig.  108.  The  bottom  of  the  tube  H 
ia  firet  filled  with  impure  mercuiy  and  the  nitric  acid  is  added. 
The  mercury  itt  theu  poured  through  the  fvinnel  A,  the  stem  of 
which  m  drawn  out  to  a  capillary  and  bent  to  an  angle  of  60^*. 
Thia  causes  the  mercury-  to  take  a  iiig-zag  counw  as  it  flows  slowly 
through  the  nitric  acid.  The  dry  mercury  that  first  passes  over 
into  the  Hask  C  is  impure  and  must  be  poured  into  iJic  funnel  and 
allowed  to  How  through  the  acid.    In  this  way  a  fairly  pure  mercury 

•%,  anal.  (;hem,,  %  241  (l»ft3).  C.  J.  Mnope  (Chcm.  Ztg..  1910,  736) 
hafl  u»C(l  a  aimll&r  «p|mralU9  for  purifying  JArge  quoalilica  of  inereuiy,  but 
fil(«r«  Ihnnigb  budukin  liefgro  bUowUik  it  to  fall  tfan>u>{li  Ui«  acid. 
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IB  obtained  which  ran  Vie  used  as  it  is  for  most  piirpoaes.  If  the 
inercur>-iR  to  he  used  for  calibrating  appnmi.us,  ii  must  be  distillrd. 
For  this  piirpoMe,  Hulett's  appamtus,  shown  in  Fig.  100,  may 
be  used.  The  merciirj-  is  placed  in  the  long-nrcked  flask  A'  which 
is  connected  with  the  receiver  V.  The  (lask  i«  covered  with  a 
hood  of  asbesto.1  paper  and  heat<^  on  the  sand  bath.  Through 
the  arm  a,  the  receiver  ia  connected  with  a  suction  pump  and  at 


^ 


Fio.  109. 

h  a  slow  current  of  nitrogen  (or  carbon  dioxide)  which  han  been 
dried  by  passing  over  calcium  chloride,  is  introduced  into  the 
flask  through  the  long  glass  tube  that  ends  in  a  capillary.  The 
distiiliUion  is  regulated  so  that  the  mercury  condenses  in  the  glass 
arm  c,  whore  it  leaves  the  hood  of  aaliestoe  paper.  About  150-200 
C.c.  of  mercury  can  be  distilled  in  an  hour  with  this  apparatus. 
Frequently,  especially  when  the  nitrogen  used  contains  a  little 
oxygen,  the  distilled  mercur>'  is  covered  with  a  thin  coating  of 
oxide.  This  may  be  removed  by  filtration.  To  filter  the  merrurj*, 
the  point  ijf  a  paper  filter  is  perforated  several  times  with  a 
needle,  tho  filter  placed  in  a  funnel  and  the  mercury  poured 
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through.    The  pure  metal  nms  through  the  holes  in  the  paper 

while  tiie  impuiity  remains  buiiiuJ. 

Subdivisions  of  Gas  Analysis. 

According  to  the  maimer  uf  dettinniiiiiig  the  amount  of  gas^ 
we  difltinguisli  between: 

1.  AUanrpiion  Mt^thods. 

2.  CamUuntion  MeOwds. 

3.  VoLumetrie  Methodn. 


In  the  cafle  of  an  ahaorption  method  tho  mixture  of  gasee  is 
treated  with  a.  scries  of  absorbents.  Tho  difference  in  tho  volumes 
of  tlie  gas  In-fore  and  after  it  liaH  l)een  acted  upon  by  each  ab8orl>ent 
represents  the  amount  of  ^as  al«orbed-  Tlie  nl)eor|)tion  of  the 
gas  nmy  take  plane  in  tlie  measuring-tube  itself,  or,  what  is  better, 
in  separate  abfiorption  ves»elB. 

In  tliis  way,  the  amount  nf  carlKtn  dioxide,  hea^-y  hydrocar- 
bons [ethylene,  benzene,  acntylrnCjCtc), oxygen,  and  carbon  mon- 
oxide m^y  be  determined  in  ilhimina ting-gas,  producer  gas,  water- 
gas,  or  Dowam  gas. 

After  tlie  constituents  capable  of  absorption  have  been  re- 
movoil,  a  gaa  residue  ia  left  conasting  of  hydrogen,  methane, 
and  nitrogen;  the  two  fonncr  constituenta  arc  determined  by 
combustion,  wliilc  the  hittex  is  always  dctcrminctl  by  subtracting 
tho  total  amount  of  other  gases  found  fmm  100  per  cent. 

For  a  combustion  analysis  the  unab8orbc<i  constituent*  of  tho 
gaa  mixture  arc  mixed  with  air,  or  oxygen,  in  more  than  sufficient 
amount  to  ensure  complete  combustion,  and  burnt  in  a  suitable 
apparatus;  the  amount  of  combustible  gos  is  determined  by 
measuring  tho  contraction,  the  amount  of  carbon  dioxide  formed, 
and  the  excess  of  oxygen. 

Finally,  if  the  gaa  evolved  by  mcar^  of  a  chemical  reaction  is 
measured  and  'roni  the  volume  of  the  latter  the  weight  of  the  body 
producing  it  is  calculated,  we  have  made  use  of  what  is  called 
a  {fait-volurrKtric  method.  (Cf.  Dctennination  of  Carbonic  and 
Nitric  AiJicI*.  pp.  3S4  and  45P). 
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DETEHMIHAnOH    OF   THE    GaSES. 

Carbon  Dioxide,  COj.    MdI.  Wt.  44. 

Density  =1.5290  *  (Air  =  l).    Weight  of  1  liter  =  1.9767  gma. 
Molar  volume  =22.26  1. 
Critical  temperature  =  +31.5°  C, 

Carbon  dio.\ide  xn  nbBorbeci  to  a  considerable  extent  by  water; 
I  vol.  water  absorbs: 

At    0*0..... 1.7967  c.c.  CO2 

"  15«C 1.0003    *'      " 

"25*0 0.8843    "     " 

or  in  general 

^t  =  1-7967 -0.07761  Xi+0.001&i24Xi2, 

Abeorbmi.- — PoUix«ium  H i/drnxiiic Solution  1 :2. 

1  ex.  of  caufiiie  potiuih  of  tho  al>nve  strength  will  absorb  at 
least  40  c.c.  of  COj.  Sodium  hydroxide  solution  i.s  not  used  on 
accoiint  of  the  difficult  solubility  of  sodium  bicarbonate. 

Rmal]  amounts  of  CO^  mny  he  absorlied  by  means  of  &  definite 

amount  of  standardised  naC0H)2  solution,  and  the  excess  of  the 

N 
latter  titrated  with  y^  llCl,  uismg  phcnolpbthaiein  as  indicator. 

(See  p.  593). 

*This  nitmbcr  is  iho  mean  from  the  observatloiii  o(  Lord  R^lrigh 
(1897)-1.52«J0W.  Lcdue  089S)-I.52S71,  and  Christie  (1905)- 1.52930. 

t/^  w  catted  Line  »lw{tr(>tioii  coi^flicient  of  the  gas.  ThJe  mpiifics  the 
volumi-  of  gfus.  measuml  at  0°  and  TOO  miti.  i>rc8sun>,  which  t  c.c.  of  a  liquid 
at  1°  will  Absorb  when  the  prewure  upon  the  surfiwe  of  the  liquid  ia  760  Dim. 
ir  h  c.c.  uf  liquid,  ul  f  aud  B  mill.  prL-stnin-,  ubsurb  I't  ex,  of  tho  gas,  thea 
the  abaorption  coeilicient  can  be  computccl  by  the  equation: 
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The  Heavy  Hydrocarbons. 

Ethylene  (Ethene),  C2H*;  Benzene,  CeHo;  Acetylene  (Ethine), 

Ethylene,  C2H4.     Mol.  Wt,  2S.03. 

Density  =0.9739*  CAir  =  l).    Weight  of  1  liter  =  1.2590  gms. 
Molar  volume  =22.27.    Critical  Temperature  =  +  0°  C. 

Preparation  0/ Ethylene. — One  of  the  most  satisfactorj'  methods 
consists  in  treating  an  alcoholic  solutioa  of  ethylene  bromide 
with  zinc  dust  t^ 

CaH4Br2+Zn=ZnBra+C2H4. 

A  round-bottomod  flask  of  about  200  c.e.  capacity,  and  haWng 
a  short  wide  nock,  is  chosen  for  the  experiment.  In  tlie  neck  is 
iiisertPil  a  nibl>er  stopper  with  three  holes,  carrj'ing  respectively 
a  safety  tube  provided  with  mercury  seal,  a  gas  delivei^'  lube, 
and  a  dropping  funnel. 

A  suflif'ient  amount  of  zine  dust,  moistened  with  aleohol,  is 
placed  in  the  fljwk  and  gently  heated  at  the  start  by  placing  the 
flask  in  a  hath  of  warm  water  at  about  50°  C.  A  mixture  of  t 
part  ethylene  bromide  and  20  parts  absolute  alcohol  is  placed  in 
the  dropping  funnel,  and  allowed  to  flow  slowly  upon  the  zinc 
dufft.  The  escaping  gas  is  passed  first  through  olive  oil,  to  remove 
a  little  ethylene  bromide  which  is  carried  over  mechanically,  then 
through  caustic  potash  solution,  and  finally  through  water;  it  is 
collected  over  mercury,  perhaps  in  the  Drchschmidt  pipotte 
Cl'ig.  105,  p.  743),  The  gas  thus  obtained  is  almost  pure,  par- 
ticularly when  tho  mixture  of  ctliylene  bromide  and  alcoUol  has 
Btooil  for  some  time  over  anhydrous  sodium  carbonate  to  remove 
traces  of  hydrobromic  acid. 

\  sample  of  the  gaw  prepared  by  \V.  MiHteli  wa-s  found  to  eon- 

*M.  Bn;l«cliger  (Ttinug.  Dunert.  Ziirich,  101 1)  found  the  cleiurityofettiylenQ 
to  be  O.yri'l,  but  M.  8tahrfosB  and  P.  A,  Guyo  (Arab.  boc.  phys.  et  oat,  28 
1&CK>)  foiuiii  tiie  value  0.0758.  In  the  text  Uie  meui  of  tbcae  two  valuos 
bused. 

t  Gltdpt-me  and  Thbe.  BoHchUi,  7,  364  (1K71}. 
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tain  98.84  per  cent,  of  ethylene,  1.00  per  cent,  of  hydrogen  and 
0.16  psr  cent,  of  oitrugeu. 

Absorption  Caefficicni  for  WaUr. 

1  volume  of  water  absorbs  at 

(PC 0 256  c.c.  CH, 

IfioC 0.161    "      ■' 

20   C 0.149    "      ** 

or  in  general, 

/?  =0.25620 -0.00913631i+0.0001SS10SR 
AJcohoI  abHorbs  more  ethylene;  the  general  fornixJa  is 
^-3.5949S4-0.077102-i+0.0006Sl2-r'. 

Absorbents. — 1.  Fuming  sulphuric  acid*  (with  20  to  25  per 
cent,  free  SO3),  I  c.c  absorbs  S  c.c.  of  CulU.     2.  Bromine  water-t 

Aminoniacal  cuprous  chloride  solution  will  aUo  absorb  ethy- 
lene. 

By  means  of  brominr,  the  ethylene  ia  absorbed  with  the  for- 
mation of  ethylene  broaudo,  C2ll4Br2.  U"  the  absorption  is 
effected  with  a  titratetl  bromine  water,  the  amount  abBorbed 
can  be  dctcrminctl  by  titrating  the  excess  of  bromine.  Thia 
excellent  method,  proposed  by  naber,J  is  at  present  the  best 
known  for  the  determination  of  ethylene  in  the  presence  erf* 
benzene.     (See  p.  SIS.) 


Benzene,  Ceilfl.    MoL  Wt.  78.04. 

78.0-1  gms.  of  benzene  vapor  occupy  a  volume  of  22.301  liters 
under  standard  conditions. 

Benzene  is  readily  soluble  in  alcohol,  ether,  carbon  bisulphide, 
caoutchouc,  ethylene  bromide,  bromine,  and  fuming  sulphun'c 
acid. 

*  Kthiotiic  aciil,  ("illgSiO,,  ia  form«l. 

tTrcsuJw«ll  nnd  Stoken,  Bericlite,  21  (lOS)*),  p.  3131. 

X  UaSxr  aad  Oechelb&user,  BerichU;,  29,  p.  2700; 


BENZENE. 


Ahscrherd*. — Fuming  sulphuric  acid*  and  bromine  water  con- 
taining an  excess  of  bromine. 

Iiuisniurh  as  bcnxcne  is  npithcr  brominated  nor  oxidijicfl  by 
bromine  at  ordinary  temperatures,  it  was  difficult  to  under- 
stand why  bromine  water  should  absorb  itquantitativcly.  In 
fact,  Berthelott  and  CI.  WinklrrJ  disputed  it,  but  the  results 
of  Treadwell  and  StokcsS  have  recently  been  confirmed  by 
Haber.  lie  suKgested  that  the  absorption  of  benzene  by  bronune 
was  of  a  purely  physiral  nature,  and  M.  Korbuty||  has  shown 
that  such  is  the  case.  Just  as  bromine  can  be  removed  fnmi 
aqueous  solution  by  shaking  with  benzene,  so  benzene  can  be 
removed  by  shaking  with  bromine,  or  even  ethylene  bromide  and 
other  like  solvents. 

By  means  of  highly  coneentrated  nitric  acid  (epecifie  gravity 
1.52)  ben;:ene  i>t  aUn  absorbed;  this  solvent  cannot  be  used  in  the 
analysis  of  gases  containing  carbon  monoxide,  for  the  latter  ia 
quantitatively  oxidized  to  earbon  dioxide  by  nitric  acid  of  this 
strength,  and  ta  therefore  removed  with  the  benzene  1  when  the 
acid  vapors  arc  neutralized  by  caustic  potash  solution. 

Behavior  of  Benzene  to  Water. 

Benitenc  vapors  are  absorbed  to  a  considerable  extent  by  water 
and  all  aijucous  salt  solutions,  a  circumstance  which  must  be 
considered  when  an  exact  gas  analysis  Is  to  be  made. 

In  order  to  determine  how  much  benzene  is  absorbed  by  water, 
M.  Korbuty  performed  the  following  experiments; 

DifTcrent  amounts  of  air  contaiuiiig  3.1G  per  coot,  of  benzene 
vapor  were  shaken  in  a  Drehachmidt's  pipette  with  the  same 
amount  of  wat«r  (5  c.c.)  until  no  more  benzene  was  absorbed.  He 
obtained  the  following  rceulta: 


■  Bt-tisvitt)  milphonie  nt-'td  is  fonned.  C,H^O|. 

t  Compi.  rentl ,  M.  p.  12.^5. 

t  ZfiUtehr.  t.  Ann).  Chem  ,  ISSO,  p.  281. 

i  TrewJwel)  aaJ  StolcM.  loe.  etL. 

jtlnaug.  Dioterution,  Zurich,  1003. 

1  Tr«ulwvll  Rod  Stok«^  loc  cit. 
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Pota«nuin  hydroxide  b^i«ve«  mmiUrly. 

In  the  uiAlysifl  of  a  mixture  of  carbon  dioxide  and  benzene, 
it  U  customary  to  first  remove  the  carbon  dioxide  by  means  of 
potaasium  hydroxide  solution  and  then  the  benzene  with  fuming 
milphuric  acid  or  bromine.  It  is  evident,  then,  that  both  of  the 
results  obtainr<l  will  be  inaccurate  if  a  freah  solution  of  potassium 
hydroxide  is  UBcd  for  the  absorption  of  the  carbon  dioxide,  (or 
this  will  absorb  not  only  the  whole  of  the  carbon  dioxide,  but  in 
many  caai's  nearly  all  of  the  benzene.  Accurate  results  may  be 
obtained  tiy  uHing  a  solution  of  potaHsium  hydroxide  which  has 
been  saturated  with  benzene  vapors. 

Acetylene,  CzHj.    Mol.  Wt.  26.02. 

Density  =-0.0134  *  (.\ir  •=  I).    Weight  of  one  liter  =  1.1808  gma. 
Molar  volume  -22.03  I.    Critical  temperature  =  +37*"  C. 
Boiling  Point  =  -80.6"  C. 

Acetylene  is  quite  soluble  in  water;  1  volume  of  wat«r  at  the 
ordinary  temperature  abHorljs  an  equal  volumo  of  tbia  gas.  In 
amyl  alcohol,  clilomform,  Iwnzcnc,  glacial  acetic  acid,  and  acotcme 
it  \»  mueh  iiioFL'  Hiilulile;  thus  1  volume  of  acetone  absorbs  31 
volumes  of  acetylene.t 

*  M,  Ur»tAchjcer  (Iobuk.  DiuMTl.  Zurich,  1911)  found  the  dennity  of 
acetykno-O dIS?,  whereon  M.  Slahrfoss  and  P.  A.  Quyu  (Arch.  eci.  pbyv.  ot 
am..  SA.  1000)  round  It -0.0120.    The  nifmn  of  thnto  tvo  values  u  0.91335. 

t  UuDpet,  GsBBoalytiaobe  Methoden  (1900),  p.  aO«. 
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Preparation  of  Pure  Acetylene. 

(a)  MeOiod  of  M.  Bretschger.* 

TTie  crude  apctylenp,  prepared  from  calcium  carbide,  is  passed 
through  an  acid  solution  of  copper  sulphate,  tben  througli  aqueous 
chromic  acid,  caustic  potash,  and  finally  over  slaked  lime;  it  is 
thrn  subjected  to  a  fractional  distillfttion.  Tlie  Kfts  is  passed 
through  a  small  bulb  cooled  by  liquid  air  which  causes  the  acetylene 
to  solidify.  By  gentle  warming,  the  acetylene  is  then  evaporated 
and  is  caused  to  pass  through  calcium  chloride  tubes. 

(jb)  Method  of  M,  Stahrfoss  and  P.  A.  Guye.i 

The  impure  acetylene,  prepared  from  calcium  carbide,  ia  passed 
through  a  solution  of  potassium  permanganate,  then  through 
cauatic  potash  solution  and  finally  over  phosphorus  pentoxide. 
It  IB  frojwn  by  nipans  of  lifpitd  air  and  then  fraotinnatcd. 

The  method  of  preparing  aretylcne  by  decomposing  copper 
Rcetylide  cannot  be  recommended,  lierausc  the  gas  ia  then  strongly 
contaminated  with  ethylene  (CjHa)  and  vinyl  chloride  (CuHaCl). 
Thus  M.  Bretschger  J  found  from  5  to  10  per  cent,  of  ethylene 
In  such  gas. 

Absorbents:  Fuming  sulphuric  acid. J  By  bromine  water 
acetylene  is  absorbed  extremely  slowly  in  the  cold,  a  fact  which 
permits  the  titration  of  ethylene  in  the  presence  of  acetylene 
(sec  page  821), 

By  means  of  ammoniacal  cuprous  chloride,  acetylene  is 
ab-iorbed  and  forma  red  copper  acetylidc  (OujCalla)©.  This 
reaction  is  so  characteristic  that  it  is  used  for  the 

Qualitaiice  Detection  af  Acetytene 

in  gas  mixtures.    This  test  is  best  performed  by  the  method  of 

I*  Uosvay  von  Kagy  lloeva.H 


•  txx.  cit. 

t  Private  Communiuttion  from  Profeator  Quy«. 

J  Imc.  at. 

f  C,ll;(^0,  ia  fanned. 

11  Bcriclit«,  S8  (1899),  p.  2008. 
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Preparalion  of  the  Reagent. — One  gram  of  copper  nitratfl 
(cbloride  or  xulphate)  U  placed  in  a  oO-kt.c.  measuring-flask  and 
dissolved  in  a  little  water.  To  the  solution  4  ex.  of  concentrat-ed 
ammonia  (20-21  per  cent.  NH3)  and  3  gms.  of  hydroxylamine 
hydrocliloride  are  added,  and  the  liquid  is  aliaken  until  it  becomes 
colorlesB,  when  it  is  immediately  diluted  with  water  up  to  the 
mark. 

The  QuiUitative  Test. — A  few  cubic  centimeters  of  the  reagent 
are  phiced  in  a  iXJO-c.c.  nl ass-stoppered  cylinder  and  the  gas  to  be 
testeti  for  acetylene  (illuminating-gas)  is  passed  over  iL  until  tbe 
color  of  the  reagent  Ijecomes  pink.  The  cylinder  is  then  stoppered 
and  its  contents  thoroufihly  shaken.  If  acetylene  is  pn^seiit,  a 
Iwautiful  red  pjecipitate  ie  immediately  formed.  ..Vnothcr  method 
of  making  the  test  is  to  pass  the  gas  through  a  small  bulb-tube 
containing  glass-wocl  moistened  with  the  reagent. 

Hcrnurk. — If  the  reaRent  is  placed  under  petroleum  it  can  be 
kept  for  about  one  week,  but  if  copper  wire  is  added  to  the  solu- 
tion, it  can  be  kept  for  a  much  longer  time,  asL.  Pollak  has  shown. 
Such  a  solution  gave  a  distinct  reaction  after  it  had  been  kept 
for  one  year,  but  the  precipitate  obtained,  instead  of  being  a  bright 
red,  was  more  the  color  of  sealing-wa.\.  Tlic  solution  is  much 
less  permanent  when  it  b  prepared  from  the  chloride  or  sulphate, 
even  when  copper  is  added  to  it.  Without  the  copper,  the  chloride 
would  give  no  reaction  after  being  a  week  old,  and  with  the  addition 
of  copper  it  was  s]ioiled  at  the  end  of  two  weeks.  The  sulphate 
behaved  about  the  eanie. 


Separation  of  the  Heavy  Ilydrocaxbons  from  One  Another. 

It  has  been  attemptcl  repeatally  to  (separate  ethylene  from 
bonzcno,  but  usually  in  vain.  The  separation  aa  proposed  by 
Boi'thclot,  of  absorbing  the  ethylene  with  bromine  wal-cr  and 
afterwards  removing  the  btmzcne  by  moans  of  conccntrat^il  m'tric 
acid,  13  crroneons  in  cverv'  respert.*  The  method  (»f  Ilarbeck 
and  Lunge  t  is  correct  in  principle  but  very  tedious,  an<l  the 
original  modification  of  Pfciffcr  J  always  gives  too  liigh  results. 

■  TifniiwvU  antl  Stokps,  iac.  ril. 

t  /cil.  f.  Mial,  Chem..  XVI  (ISHS).  p.  26. 

t  J.  t.  (iasl>cleuchtunK  uud  Wuiwcrvcrsorijung,  I&W,  p.  607,  aud  BcrichtSf 
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Recently  Pfeiffer  *  has  improved  his  method  so  that  it  gives 
the  same  resultt!  as  that  of  liarbeck  and  Lunge. 

HalxT  iind  Oeche!hauser,t  on  the  other  hand,  have  devised 
a  metbitKl  which  is  accurate  and  to  be  recommended. 

Prindple. — -In  one  portion  of  the  gas,  the  sum  of  the  ethylene 
and  teuKneiB  deternuiied  by  absorption  with  bromine  water  or 
fuming  sulpliuric  acid,  while  in  a  second  portion  the  gases  are 
absorbed  in  titrated  bromine  waiter,  and  tho  excess  of  the  latter 
is  detfiruiiiied  iodi metrically.  From  the  amount  of  bromine  re- 
quired the  ethylene  is  calculat^l: 

V 

1  C.C.  —  I-l.lUc.c.  CaHifttO"  C.  and  760  mm.  pressure. 

As  this  analysis  is  perf<inneii  in  the  Bunte  burette,  it  will  not 
be  tlescriljed  in  detail  until  wc  liave  become  acquainted  with  this 
important  foitn  of  apiMiratus.     (See  p.  71)8.) 

Oxygen,  0-16.    Mol.  Wt.  32. 

Density- 1.1053   (Air-l).    Weight  of  I  IitPr=].42S9  prms. 
Molar  volume  «  22.39  I.       Critical  temperature  =  — HO*  C. 
Oxygen  is  only  slightly  soluble  in  water;  according  to  the 
experiments  of  L.  W.  Winkler,t  one  liter  of  water  at  00  mm. 
prcBsure  will  absorb  the  following  quantities  of  air: 

Asaoamoif  coEmaeNra  of  ATUoapUEaic  Am. 

1 1000  c.e.  absorbed) 

T«niB<<»lun,  Ojiygcn,  NLtn«en,  Air. 

^» 10.24  cc.  18.57  C.C.  28.81  e.c 

S* 8.iW  "  16.4fi  "  25.43  " 

I0» 7.97   "  H  07  "  22  54  " 

16» 7.16  "  13  29  "  20.45  " 

Sff* 6. SO  "  12.10  "  18.09  " 

2S» 6.03  •*  11.31   "  17.24  " 

80* ;....  fi-47  "  10.50  "  Ifl  06  " 

86* 6.11  "  9.«a  "  1S03  " 

40* 4.83  "  0.85  "  14   18  " 

«• 4.68  "  8.M  "  13.51  " 

W* 4.38  •'  8.6»  "  12.07  " 

56» 4.22  "  8.31   "  12.53  " 

♦SooCbem.  Zttt.,lftM(SH4). 

t  J.  f.  Ga»l>eleuchtuiiig  und  WasOTrvvreurgung,  1896,  p.  804,  and  Uerichle, 
»,  p.  2700. 

tDerichU,  M,  1410  (1001). 
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From  these  data,  the  absorption  cocCficioot  of  pure  oxygca  for 
water  at  0  to  55°  can  be  computed. 


^.BflORPTION  COKmCIKNTS  OT  OXTOKK  FOR  VATVft. 

Tfmpenitui*.  t 

30^ 0.02008 

35° 0.02440 

40' o.oaaoe 

46"' 0.02187 

50= 0.03090 

55" 0.02012 


Ttnpvrsture.  fi 

0° O-0489O 

5' 0,04286 

10" 0,03S02 

16" 0.03415 

20" 0-03102 

25" 0.02831 


Oxj'gen  can  be  determmed  by  combustion  or  by  absorption. 

The  DeterminBtion  of  Oxygen  by  Combustion. 

The  deternii nation  of  oxygen  by  combustion  may  be  effected 
by  exploding  it  with  hydrogen  (Bunwn)  or  by  conducting  a 
mixture  of  the  two  gases  through  a  glowing  platinum  capillar}' 
(Drehsehmidl).  exactly  as  in  the  deterniination  of  carbon  mon- 
oxide (cf.  p.  765).  In  both  cases  the  combustion  takes  place  in 
accordance  with  the  equation: 

O  +  Ha  =    H2O 

1  vaL      3  v<il8.  0  roU 

Three  volumes  of  gas,  therefore,  disappear  for  each  volume  of 
oxygon  present.  If  the  contraction  resulting  from  the  com- 
bustion of  a  mixture  of  oxygen  iind  an  excess  of  hydrogen  is 
designated  by  Ve,  then  the  amount  of  oxygen  present  =  J Vc. 

The  Determination  of  Oxygen  by  Absorption. 
The  absorbents  of  oxygen  are: 

1.  Alhalive  Pyrogallol  Solution  {Iddnff). 

One  volume  of  a  22  per  cent,  aqueous  solution  of  p)T0gallDl  is 
mixed  with  five  or  Hix  timea  as  much  potassium  hydroxide  solution 
(3:2).     1  c.c.  of  this  solution  absorbs  12  c.o.  of  oxygen. 
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At  a  tfmpcrfltnre  of  15°  C,  or  higher,  the  abaorplion  t«kes 
place  quickly;  the  oxygen  in  100  c.c.  of  air  will  lie  aljsorbetl  in 
throe  minutes  or  less. 

At  low<*r  temperatures  the  ftlisnrption  tjik^s  place  less  readily 
and  at  0"*  C.  the  alwive  quantity  of  oxygen  cannot  be  absorbed 
completely  in  half  an  hour. 

A  pyrogallol  solution  of  the  above  concentration  will  not  evolve 
carbon  monoxide  during  th^  9-b$orptLon. 

2.  Phosphorus  {Lindemann}, 

The  absorption  of  oxj'gcn  by  means  of  phospKorus  takes 
place  by  simply  allowing  the  gas  containing  the  oxygen  to  remain 
over  moist  phosphorus.  The  formation  of  white  clouds  indicates 
chc  presence  of  ox\'gen,  and  their  disappearance  shows  that 
the  absorption  is  complete.  A  temperature  of  15  to  20**  C.  is 
beat  suited  for  the  absorption. 

The  oxygen  is  completely  absorbed  at  the  end  of  three  min- 
utes from  100  c.c.  of  air  at  thia  temperature.  At  lower  temper- 
atures the  absorption  requires  more  time  and  at  0**  more  than  an 
hour  is  nece&ssr}'. 

If  the  gas  contains  more  than  50  percent  of  oxygen,  moist 
phosphorus  will  absorb  none  of  it  at  the  ordinary  atmospheric 
pressures.  In  this  rase  the  gas  must  be  diluted  with  nitrogen  or 
hydmgcn  until  a  mixture  is  obtained  containing  leas  ttmn  60 
per  cent,  oxygen,  or  the  gas  must  be  allowed  to  act  upon  the  moist 
phospliorus  under  diminlihed  pressure.  In  the  latter  case,  how- 
ever, the  phosphorus  easily  beroines  hea.ted  enough  to  melt  it. 

Further,  oxygen  is  not  abwirbed  by  moist  phosphorus  if  the 
gas  contains  traces  of  beavj*  hydrocarlmns,  ethereal  oils,  alcohol, 
or  ammonia.  According  to  Hempel*  0.04  per  cent,  of  ethylene, 
and  according  to  lUberf  0.17  per  cent.,  suffices  to  prevent  com- 
pletely tlic  absorption  of  oxygen 

•  Gasanalytirtchf  Methoden. 

t  tJiptrimfatal-Untonmchung  Qbcr  ZcrBetSungen  untl  Vcrbrermuagea 
lor  !£o'><cnwRn(MiftofIcii,  UatiUlBtiouKhrift,  MuuicLi,  1HU6. 
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3.  Chromous  Chloride. 

Consult  the  paper  by  Otto  von  dcr  Phordten,  Annal.  C3iem. 
Phys.  228,  112. 

4.  Copper. 

The  gaa  is  cither  conducted  over  glowing  copper,  or  it  is  intra* 
duued  into  11  Hoiii|)eI  pipette  eontaiiiiiig  rolls  of  eopper  gauze  and 
an  aminuniarni  sululion  uf  luiimoiilum  oarhooatc, 

5.  Sodtu7ii  fJydrosulphiU:,*  Nn2SjOi  (Franzcn  t). 

An  alknline  sulution  uf  Hudiuui  bydrutsulphite,  wbicli  can  now 
be  obtHtned  cuinincrctuUy  ut  a  low  price,  is  an  excellent  absorbent 
for  oxygen.  Tbe  reagent  may  be  prepared  for  use  in  the  Hempel 
pipette  by  dissolving  50  gins,  of  the  salt  in  2.50  e.e.  water  and  40 
C.C.  caustic  potash  iiolution  C500  KOH:700H2O),  For  absorption 
in  the  Bunte  bureLte.  the  above  solution  is  too  concentrated;  in 
this  cuse  lU  gnitj.  hydrusulphite  in  50  cc.  water  plim  50  c.c.  of  10 
per  cent,  caustic  soda,  may  be  used. 

The  absorption  takes  place  in  accordance  with  the  equation: 

2Na2Sa04  +  ^IhO  +  0^  -  iNaHSOg. 

Sodium  hydroHuIphite  has  tbe  advantage  over  all  other 
absorbents  that  the  absorption  is  always  complete  at  the  end  of 
five  minutes. 


■ 


Determination    of   Absorbed    Oxygen    In    Water.    Method    of 
L.  W.  Winkler.: 

1000  CAS.  ■==  N«^,0,  Bolution-— -,T^-0.8  gm.  or  559.S  cc.  pxygea  at  0" 

and  7M  iii.m  preaaura. 

Principle. — If  water  containing  dissolved  oxygen  be  heated  in 
&  closed  vessel  with  manganese  hydroxide,  the  latter  is  oxidized 
to  manganou*  acid  according  to  the  following  equation: 
Mn(OH)a4-0  =  H2MnOa. 

*  Thieu  really  sxliiim  hj/paiidphiU,  ahhOMg^  sodium  UiwatitphaU,  Na^jO,, 
in  comiuoQly  called  "  liypoeulpbitc." 
t  B<M-ichl«,  30.  2060  (1896). 
Xlbid.  31  (ISSS).  p  3H43. 


DBTERKUNATION  OP  ABSORBED  OXYGES  IS  tVATER        761 

The  amount  of  (jxygwi  taken  up  is  tletermined  iodimetricAlly  by 
adding  hydmchloric  acul  and  potassium  iodide  to  the  manga- 
nous  acid  and  tilrating  the  liberated  iodine, 

Hj.Mn0j-!-4HCl=MnCl,4-2H,O+CI,  and  2KI+Cl,'=2Ka+  I,. 

Hence  1  gm.-at.  1=8  gms.^SSn?^  c.c.  oxygen  at  0*  C.  and 
760  mm.  pressure. 

Rfogenis  Required. — 1.  An  approTtmalely  ^V ■  MnCls  solution 
obtained  bydissotvinE400KDis.ofMnri2-f4H2O  in  water  and  dilut- 
ing to  1000  c.c.     The  manganese  chloritle  must  be  free  from  iron. 

2.  Sodium  Hydroxide  Solution  Covlaining  Potassium  Iodide. — On 
account  of  the  nitrite  usually  present  in  commercial  sodium  hy- 
droxide, the  alkali  solution  is  prepared  from  amtiuiu  carlmnate  and 
calcium  hydroxide.  The  clear  liquid  is  ^phoned  off  and  con- 
centrated in  a  silver  diah  until  it-^  specific  gravily is  1.35.  In  100  c.c. 
of  this  Boiutton,  10  gma.  of  potassium  iodide  are  dissolved. 

A  portion  of  the  alkaline  potaaaium  iodide  solution  on  hting 
acidified  with  hydnichloric  acid  sliould  nut  immediiitcly  turn 
Btarc-h  paiite  blue,  and,  furtUenuore,  large  amuuuls  of  earlx^iuite 
must  not  be  present. 

N 

3.  j^  Sodium  7'hiosulphate  Sotvtion. 

Procedure. — A  glaas-stoppered  flask  of  about  250-c.e.  capacity 
18  taken  and  its  exact  capacity  is  determined  by  weighing  it  first 
empty  and  then  fdlol  nith  water  at  17.5°  C.  If  the  water  to  be 
analyzed  i.^  .satumted  with  air,  it  is  »mply  poured  into  tiio  flodc^ 
otherwise  the  water  ia  conducted  through  it  for  ten  minutes. 
Tlien,  by  means  of  a  pipette  reaching  U}  the  bottom  of  the  flasks 
1  c.c.  of  the  alkaline  potassium  iotlide  solution  is  introduced  and 
imrneiliately  afterwards  1  c.c.  of  the  manf!»ne.<M3  chlnride  solution. 
The  Ha.^k  Lh  closed,  shaken,  and  allowed  t«>  stand  until  the  precip- 
itate has  settled.  Tlien,  by  means  of  the  htng-stcmmed  pipette, 
aluiut  ."i  c.c,  nf  rnncentmted  hydmrhloric  arid  arc  intnnhicod  and 
the  rontentfi  of  T.lie  flask  nnre  more  shaken.  Tlie  prcripitatc  dia- 
BolvRs  readily  witli  lil«'rati»ui  of  iodidn  and  the  latter  is  titrated 
with  Aodium  thiosulphato  iji  the  usuat  way. 

lieiiuirk. — The  results  obtained  by  this  method  agree  closely 
with  IhoBc  obtained  by  boding  the  water  as  deBcnl>ed  on  p.  739. 
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Carbon  Monoxide,  CO.     Mo!.  Wt.  2S. 

Density  =0.96702   CAir  =  l).     Weight  of  1  liter  1.2502  gms. 

Molar  Volume -22.3f>7  liters.     Critical  temperature  =- 136"  C. 

Preparation. — Some  concuntrated  sutphuric  acid  is  heated  in  a 
fractionating  fiask  to  a  temperature  of  I  lO''  to  160°  C.  upon  on  oil 
bath,  and  formic  acid  (sp.  gr.  1.2)  is  allowed  to  drop  into  it: 

HCOOH-HjO+CO. 

In  order  to  free  the  escaping  gas  from  water  and  acid  vapors,  it  la 
conducted  first  through  a  Llebig  condenser,  which  leada  to  an 
empty  flask  to  receive  the  condensed  water,  and  from  thence  into 
a  concentrated  caustic  potash  solution. 

This  method  ♦  yields  about  SO  liters  of  carbon  monoxide  in 
half  an  hour,  using  about  500  c.c.  of  concentrated  sulphuric  acid. 
The  method  of  Wade  and  Panting.f  according  to  which  very  pure 
carbon  monoxide  can  be  prepared  by  allowing  concentrated 
sulphuric  acid  to  drop  upon  potassium  cyanide,  is  not,  according 
to  Allner,  a  suitable  process  for  preparing  large  quantities  of  the 
gas;  becaxise  considerable  potassium  cyanide  becomes  enveloped 
in  pyrosulphuric  acid  lUirlng  the  reaction,  so  that  thcro  is  con- 
siderable danger  involved  in  working  with  the  residues. 

By  the  action  of  hot  concentrated  sulphuric  acid  upon  oxalic 
acid,  it  is  very  easj"  to  prepare  a  mixture  of  equal  volumes  carbon 
monoxide  and  carbon  dioxide;  on  account  of  the  large  amount 
of  the  latter,  however,  this  method  is  less  satisfactory  than  that 
of  Allner. 

The  gas  is  only  very  slightly  soluble  in  water; 

jLBsoiirriOH  cosmciBNTS  or  caiciiot4  uiiNoxioti  roK  watrk4 


Temporal  lira.  M 

0" 0.03537 

6' 0  03)49 

I(y» 0.02816 

18» 0  02M3 

ao*. 0  02310 

25* O-02U2 


Tcmpcrkture.  # 

30= O.OIOM 

35' 0.O1K77 

40= n.OI77S 

45* 0,01690 

SO". 0,01615 

BS' 0.01M8 


•  W.  AlbiiT,  IiiorR,  Diwcrt.  KarlaniLe,  190S. 

t  J.  Chem.  .Soc,,  "3,  SS.'), 

t  L.  W.  Winkler.  Berichtc,  U,  1414  (1001). 
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In  alcohol  the  giu  is  about  ten  times  more  soluble  than  it 
la  in  water. 

Ita  clctertnination  is  effected  either  by  absorption  or  by  com- 
bust iuii. 

Absorhet^. — Ammonincal  Cuprous  Chloride.  200  grm.  of  com- 
mercial cuprous  chluriiie  are  Rhakeii  in  a  cloaej  flask  with  a  solu- 
tion uf  atniiiuiiiuii]  clihirule  (250  gins,  in  750  c.c.  waler),  and  lo 
every  three  volumes  of  this  mixture  1  vol.  of  ammonia,  specific 
gravity  0.91,  is  added.  In  onler  that  the  solution  may  remain 
active,  a  sjiiral  of  copper  wire  is  ititroiluced  into  ttie  Haak  long 
enough  lo  reach  from  the  bottotTi  up  to  the  stopper. 

1  c.c.  of  this  .solution  wilt  ubsiirh  10  c.c.  of  carWn  inoncixitle. 

Formerly  it  wits  the  almost  universal  cusluin  t«j  absorb  tliia 
gas  by  moons  of  a  hnidrockioric  acid  Aoluiiuii  of  cupruus  chloride, 
but  to-day  this  is  not  ilorie  on  aeeount  of  the  fultowing  reasons. 
'Vhc  absorption  of  carbon  luonoxide  by  mean.-*  uf  cuprous  chloride 
ijikes  ptaee  according  to  the.  following  et{uatioii: 

Cu^CIi  +2COf=*Cu2Cl2.2CX},* 

The  coni[>ound  ('u2C'la.2C(3  is  extremely  unstable  and  can  only 
be  fonned  when  there  is  a  certain  pressure  exerletl  by  tlie  carbon 
monoxide,  fo  that  whvu  the  acid  Milulioii  \n  used  the  absiiqition  wilt 
never  be  quaniiijitJ  vo,  !■  urilier.  if  s  gas  free  f loiu  carbon  monoxide 
(nitMgeii  or  liydrogeu)  U  sl)iikru  with  such  a  solution  after  it  has 
been  used  several  titucs,  a  part  of  tlw  ("uaCla-200  in  solution  'aUI 
be  dc*-'jmiM»se»i  ai-conliiig  to  the  above  eipiation  in  the  direction 
of  right  t«  left,  until  the  jturlJal  prrs.sure  nf  the  carbun  monoxide 
set  free  i-s  sufficietit  to  re.<iU>r(^  i-'((uilibriuni.  Consf<)uently  the 
volume  of  the  gaa  will  appear  greater  after  it  has  been  treated 
with  the  cupn>u.t  cItlorUle  solution  than  it  was  originally. 

Wlien  an  ammoniacal  i'Upruu,s  chloride  .solution  is  employed, 
the  absor|ittoii  of  the  carixjn  monoxide  is  almost  quantitative,  but 
after  such  a  solution  hat  Iwen  used  repeatedly  It  will  leadily  give 
up  some  of  tlie  ga-s,  although  not  so  readily  as  is  the  rase  of  the 
solution  of  cuprous  chloride  in  bydn>chloric  acid  or  calcium  chlo- 

*  The  roriipuuihl  luin  h«en  iaulutol  in  lliv  suljij  nlaie,  RecordiriR:  lu  W.  A. 
Jones  (Am.  ('hf-m  J  ,  T2.  287 >  iLH  furmuln  iat'uCli- JCO-4Hi<>.  t>ut  accordiitg 
to  ilw  «xppriinM)t«  c4  V.  v.  Ciracwald  in  Uic  aulhor's  laboratory,  th«  formula 
4*Cu,a,.2C0.3H,0. 
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ride*  It  JH  advisable,  therefore,  to  adopt  the  suggestion  of  Dreh- 
Rchmidt,  and  first  aliwirb  tlie  greater  piut  uf  tlie  gas  by  nicaits  of 
an  old  solution  of  cupmun  chlurid^^,  aftc^rwanls  removing  the  last 
traces  by  means  of  a  fre?^ lily-prepared  Kolutiun,  or  utie  wliicb  has 
beer  used  but  a  few  times. 

BoiudcH  carbon  monoxide,  the  amnioriiacal  cuprous  chloride 
acriution  nill  absorb  acetylene,  cthylt-iic,  vXv..,  ^i  that  these  ganes 
must  Im!  removed  previdiigty  by  meariM  of  fuming  Kulphuric  arid  or 
bniminr  water. 

liy  hing  shaking  with  eoneentratwl  nitric  acid  Cspeeific  gravity 
1.5),  carlxin  monuxide  is  completely  oxidized  to  carbon  dioxide, 
and  the  latter  can  be  removed  by  treatment  with  potassiuiu 
hydroxide  solution.f 


Determination  of  Carbon  Monoxide  by  Combustion  with 
Air  or  Oxygen. 

The  fullciwiiig  reaction  filiows  how  carbon  monoxide  may  be 
detemiiued  by  combustion: 


CO  +  0  ^ 

S  mU.       1  rtA. 


CO,. 

3  voU. 


From  the  reaction  we  can  make  the  following  deductions: 

1.  The  difTorenne  in  the  volume  of  tlie  gas  mixture  I»nforo  and 
after  the  combustion  is  fur  2  vols.  C(>;  3-2=' 1  and  for  1  \-ol. 
CO^J.  This  difference  is  designated  as  the  contraction.  TA* 
coniradion  aiuscd  by  the  combustion  of  carbon  moiwxlde  is,  Ihcr^- 
/ore,  equal  to  half  the  original  volume  oj  CO. 

2.  The  volume  of  the  carbon  dioxide  formed  is  equal  to  the  volume 
of  the  carbon  monoxide  originalhj  present.  If.  then,  the  carbon 
dioxide  is  detcmiined  by  absurjjlioii  with  caustic  potash,  the 
volume  of  the  carbon  monoxide  is  at  once  obtained.  proWdeil  no 
other  combustible  gas  Loatalning  carbon  ia  present  at  the  same 
time. 


•Cuproua  rhloritle  b  soluble  in  a  «oni?entr»te<J  solution  of  calcium  chlo. 
ride.     I  o.c  at  thti  snlution  alisorbn  12  to  15  c.c.  uf  CO. 
tTtMdwell  and  Stokee,  BcrichW,  ftl,  p.  3131. 
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3,  For  the  combustion  of  2  vol«.  of  CO,  1  vol.  of  oxyfirn  is  ncccs- 
san*,  aiul  consequeTilIy  Ihc  avwurd  of  axtjijai  consumvd  is  equal  to 
haif  the  volume  of  the  carbon  mtmoxide. 

Methods  of  Effectiiig  tht  Comhuiivm, 

The  combustion  of  the  carbon  monoxide  can  be  carried  out  in 
eeveral  different  ways: 

1.  Uy  cxpltision. 

2.  By  pontiuotinp  tlif  pis  over  gUjwing  palladium  or  platinum. 

3.  By  comliictiiij:  the  gas  over  copper  oxide. 

1.  Comhiielion  by  Explosion.  —  The  gas  \s  mixed  with  a 
BufTirient  amount  of  lur  in  a  measuring  vessel,  ttueh  as  is 
shown  in  Fig.  lOo,  nnd  the  latter  is  comieet^id  by  means  of 
the  cnpiltar)'  E  with  the  Hein[M?rH  explosion  pipette  Biiown 
in  Fig.  110.     The^gas  is  completely  driven  over  into  the  latter 

so  that  the  capiliiiry  \s  entirely 
filled  with  nicrcun*,  the  stop-cocks 
of  the  capillary  and  of  Itie  explo- 
sion pipette  are  both  closed,  and 
an  electric  spark  is  made  to  pajw  be- 
tween the  two  platinum  points  which 
arc  fused  into  the  glass  walls  of  the 
pipette;  this  immediately  causes 
an  explosion  to  take  place.  After- 
wards the  gas  is  once  more  driven 
hack  into  tlie  measuring  burette, 
and  its  volume  again  dctermincrl.  The  difference  in  volume 
befon'  ami  after  the  explosion  repircscntB  the  nmtraction. 

This  most  excellent  method  can  in  some  ca.ses  lead  to  erroneous 
rcflulut.  In  practice,  it  is  almost  always  a  question  of  determining 
the  amount  of  combustiblo  gas  in  a  mixture  containinR  nitrogen 
obtained  after  treatment  with  the  dilTorent  absorbents.  If  the 
amoimt  of  combustible  gas  present  is  too  small  in  proportion  to  the 
amount  of  non-combustible  Ras,  there  will  be  no  comhuntion  what- 
soever; while  on  the  other  hand,  if  this  relation  is  too  large,  a  part 
of  the  nitrogen  will  be  burnt  to  nitric  acid  (hydrogen  is  usually 


FiQ.  110. 


■*  ■   '■■■—-" 
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present).  AcrorHing  to  Bunsen,  the  combustion  is  complptft  wner 
30  parts  of  combustible  gas  are  present  for  ^acb  100  parts  of  non- 
combustible  gas.  Consequently,  if  the  explosion  method  is  to  be 
used  for  the  analysis,  the  approximate  cottipoedtion  of  the  gas  must 
be  known. 

2.  Combustion  by  ConduciiTUf  the  Gas  over  Glowing  PaUadium. — 
This  is  the  most  certain  of  all  inethoda  for  effecting  the  com- 
bustion, because  it  is  entirely  Independent  of  the  proportion 
of  combustible  gas  present,*  and  there  is  no  danger  of  any  of  the 
nitrogen  being  oxidised.  The  combustion  is  best  effected,  as 
proposed  by  Ilrehschmidt,  by  passing  the  gas  tlirough  a  thick- 
walled  platinum  capillary  tube  containing  throe  palladium  wires. 
The  platinum  capillary  (Fig.  105,  1^  is  placed  between  the  gsa 
burette  an<i  the  Drehschmidt  pipette  .S  I, Fig.  105),  and  it  is  heated 
by  mearts  of  the  non-lumlnoLis  fla-ne  of  a  Teclu  burner,  The 
gas  is  repeatetUy  pa^wed  thruuph  the  plowing  capillar}*  until  there 
is  no  further  (liiiiinution  in  voluirie,  showing  the  combustion  to 
be  complete.  There  is  no  danger  to  be  feared  from  explosions 
even  when  pure  detonating  gas  i.i  jiassed  through  the  platinum 
tube,  and  by  this  method  CO,  H,  and  Cil^  are  completoly  oxidised. 
In  the  anal>*sis  of  gases  containing  only  small  amounts  of  the 
above  ga^es  (e.g.  exhaust  gases  from  gas-motors)  the  so-called 
fractional  comlvustion  is  cmploj-ed.  Hythisineans  either  hydrogen 
and  carbon  monoxide  are  oxidized  while  methane  is  not,  or  car- 
bon monoxide  is  alone  burned. 

Fractional  Combustion.  —  If,  according  to  Haber,t  an  abso- 
lutely dry  gas  mixture,  consisting  of  considerable  nitrogen 
and  oxygen  with  little  carbon  monoxitle,  hydrogen,  and 
methane,  w  slowly  conducted  (at  the  rate  of  about  70O- 
800  c.c.  per  hour)  through  a  glass  U  tube  3  mm.  in  diam- 
eter which  contains  a  palladium  wire  55  cm.  long,  folded  into 
three  lengths  of  about  IS  cm.,  then  if  the  temperature  of  hf)iling 
sulphur  is  maintained,  the  hydrogen  and  carbon  monoxide  will 
be  completely  burned,  while  methane  will  escape  from  the  tube 


*  It  is  an\y  iiKUury  to  mnkc  sure  that  n  large  exress  of  oxy^a  ia  pre» 
mt  (cf.  Hempel,  Ze'itM^hr.  f.  anorg.  Ctiem..  XXXI  <I902),  p.  447. 
t  Loe.  eU. 
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io  an  unchanged  condition.  By  oonneolinK  tlio  II  IuIm'  with  ■ 
weighed  calcium  dJomlc  tul)e  and  ihon  with  two  M-mf(hMl  mula- 
lime  tubee  (see  p.  3.S0)  tho  increase  in  tlip  wcyiht  nf  llii'  rtinnrr 
will  show  ilic  iinmimt  of  water  fonnnl  fniiii  the  hydruKon,  and 
the  gain  in  wei^lit  shown  hy  tho  smla-lime  tvitint  corrmpondi  to 
the  amount  of  carbon  dioxide  fonnod  fmtii  ttip  carlwa  moooxido. 
If,  aft«r  pa&iing  through  the  soda-lime  IiiIkm,  the  gaii  iji  paMwd 
thniugh  a  oombust ion-tube  filled  witti  pUtinixod  ruboitnii,  or 
copper  oxide,  which  is  heated  to  a  dark-rr-d  heat,  the  nietliane 
Is  quantitatively  burned  to  water  mid  rarl>on  dioxide;  tlic  fomtor 
is  absorbed  in  a  rnldum  chloride  tulw  and  the  latter  in  two  widi^ 
lime  tubes,  all  tbrec  tul)C8  l>cing  weighnd  l}eforo  tbc  giM  in  piuiini 
through  them.  In  this  way  a  chock  in  obtainiNl  u|«in  the  arcuraoy 
of  the  determination^  for  tho  pn)j)ortioii  nf  curboii  to  hydrogon 
found  should  be  1:4. 

The  combustion  of  carbon  monoxide  alone  fnitn  a  mixturo 
of  this  gas  with  hydrt)gen,  methane^  and  air  can  lie  cfTiK'tcd  BStJa* 
actorily  BH  follon's: 

After  the  gas  has  been  freed  from  00„  umatunitGd  hydroearlmna, 
and  aiiuwms  vapor,  it  is  conducted  thniugh  a  V  tulw  •  contairiinj[ 
00-70  gms.  of  pure  iodine  pcntoxide  f  heatrrl  to  IflO*  C;  by  UiW 
means  the  carbon  nu>noxii:lo  is  alone  oxidised  witli  Uherallon  of 
iodine  according  to  the  equation 

l/),+fiCO-5C0j+I,t 

If  the  gas  is  now  conducted  throoi^  two  P^ligot  IuIk«  contalidnK 
potaMum  iodide  solution,  tho  kxlina  will  be  afasorberl  anri  ran 

be  ti  trated  at  the  end  at  thm  flS|Mrfinen  b  wi  ih  ttj  soditun  tbio«ulp}ukt« 

ai^tion. 

1  c.c.  Y  ^W^  sohrtfaa  enmponda  to  bJH  e.e.  €0,  meMurad 

undpTstondanl  rondtliofis. 


•  Tkc  r  tuL«  M  ti«»t«d  in  ft  •luU)  parsAa  h^lfc. 

t  lodu*  psntoula  b  pn^Mwl  bjr  lk«uias  todrn  Mid  bi  •  mrrwl  sf  ^ 
w  SI  IW  wrtA  the  wmlm  U  mrnfUaUfy  mwn>w}. 

t  JTtefatB.  Cttoipu  mnL.  I».  p.  746,  m<1  riilill.  Jouim.  U  Um  A» 
Bot..  XXlh  9-  I*- 
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If,  after  Ihe  carbon  dioxiJe  and  water  have  once  niore  been 
removed  from  the  gaSj  it  is  passed  tlirough  a  oninbusiioa-tube 
half  fille*]  with  copper  cixitle  and  half  with  platinized  asbcstxis, 
both  lieateti  to  dark  rodnessj  the  hydrogen  and  methane  will 
be  completely  burned  to  water  and  carbon  dioxide,  which 
can  be  absorbed  and  weighed  as  before.  From  the  amounts  of 
each,  the  hydrogeu  and  methane  present  in  the  gas  can  be  calcu- 
ktcd. 


QualUatifc  Detection  of  Traces  of  Carbon  MonoTxde  in  the  Air. 

If  blood  be  diluted  with  writer  until  the  solution  shov,*s  on?y  a 
alight  red  color,  it  will  give  a  characteristic  absi>rption  speclnim; 
two  dark  absorption  bands  appear  between  the  D  and  B  lines. 
If  to  this  dilute  blood  solution  a  few  drops  of  a  concentrated^ 
freshly-prepared  anuiinnium  sulphide  are  abided,  the  dark  banda 
disappear,  and  inKteatl  a  »ing9e  hruad  band  will  appear  at  a  place 
between  the  positions  of  the  previous  Viands.  Rlood  contnimng 
carlxm  monoxide  behaves  quite  differently.  When  the  latter  gas  b 
present,  the  blood  takes  on  a  rose  color  and  the  solution  gives 
almost  the  same  absorption  spectrum  as  pure  blood  (the  hands 
shift  slightly  toward  the  violet)  biit  in  this  case  the  ttpo  bands 
do  not  disappear  on  th^  addition  of  ammonium  sndphidc. 

To  detect  traces  of  carbon  monnxide  in  the  air,  Vogel  directs 
that  a  100-c.c.  bottle,  filled  with  wattsr,  be  emptied  in  the  room 
containing  the  gas,  and  that  2  to  3  c.c.  of  blood,  highly  diluted 
with  water,  and  showing  only  a  very  faint  rwl  colnr  (although 
still  giving  the  blood  spectnim  in  a  column  as  thick  as  a  tcst^ttilic) 
be  poured  into  the  bottle  and  shaken  for  fsonic  minutes.  To  the 
solution  a  few  drops  nf  ammonium  sulphide  solution  arc  added 
and  the  liquid  is  examined  by  means  of  the  sjiectrosco|ie.  If 
the  two  banrls  arc  now  visible,  carbon  monoxide  is  jiresent,  A<v 
cording  to  Vogcl  as  little  as  0.25  per  cent,  of  CO  can  be  detected 
ill  thia  way. 

Hempel  has  improved  this  method  to  a  marked  degree.  He 
found  that  it  was  not  possible  to  completely  remove  small 
amounts  of  carbon  monoxide  bv  fthaking  with  the  dilute  sulutioa 
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of  blooti,  and  furthermore  ponccntratod  blood  solutions  coviW  not 
be  usoil  because  they  foam  ho  miicli.  By  using  a  living  animal,  its 
lunga  furnish  a  belter  means  of  absorption,  for  tlio  gas  then 
conifM  in  rontact  with  umlilulfil  Mootl.  A  mouse  is  placeJ 
bctwppii  Iwo  futim'Ls  whirh  are  joineil  logelher  by  mnanfl  of  a 
broail  ban<l  of  thin  rubber  and  the  gafl  to  be  tostocl  in  pnaK-d 
through  the  funnels  at  a  speed  of  ten  liters  per  hour.  At  the 
end  of  two  or  three  hours  the  inoii>ie  is  killed  by  immer^ng 
the  funnels  in  water  and  a  few  drops  of  its  blood  arw  taken  from 
the  region  near  the  heart.  In  tliis  way  Ilempe!  waa  able  todeteet 
with  certainty  an  little  aa  0.03'i  per  rent.  CO.  With  such  small 
amounts  of  CO  the  li^*e  mouse  showed  no  symptons  of  poisoning; 
this  was  first  apparent  when  0.0(1  per  cent,  of  the  ga.s  wn.s 
present.  Ill  tlic  latter  »-a.se  afier  half  an  hour  the  mouse  breathed 
witli  diffii'ulty  and  lay  exliausted  on  its  siile. 

I'otain  an<l  Drouin  detect  small  amount.^  of  earhon  monoxide 
by  pa.^sing  the  gas  through  a  dilute  .solution  of  i>alla(.loui^  cliloride, 
wbureby  metallic  pallatUum  io  precitalcd: 

PdQa  +  CO  +  IIjjO-  2Ha+C0a+  Pd. 

The  solution  Is  docolorizod,  or  tuma  a  pale  gray,  when  large 
amounts  of  CO  nrr  present,  but  appcara  a  light  yellow  in  color 
when  only  trnres  are  present. 

In  order  to  estimate  better  the  decrea.se  in  color,  PotnJn  and 
Drouin  filter  off  the  dep^Mitctl  palladium  and  oorapare  the  color 
of  the  filtrate. 

For  the  detection  of  .<nnall  amount.H  of  carbon  monoxide,  C. 
Winkler  n-eommends  a  melho.1  whioh,  a.4  the  author  ha.H  found, 
will  often  leiul  to  error.  .Areordingto  Winkler,  the  gas  to  be  tested 
Is  eondtii'led  through  a  solution  of  cuprouit  chloriile  in  a  saturatx'd 
solution  of  Nodium  chloride,  afterwards  diluting  with  four  to  fivo 
liDies  as  umeh  water,  causing  the  precipitation  of  snnw-whilo 
cuprous  rhloride.  If  thin  turlwd  solution  is  treated  with  a  lirop 
of  sodiutn  pallatlous  chloride,  a  black  precipitate  of  metallic 
palladium  is  obtaincil.  Untortunatt-ly,  however,  tlic  palladium 
is  often  precipitated  even  in  Iho  absence  of  a  trace  of  carbon 
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monoxide;  fur  cuprous  ctibride  itself  will  readily  reduce  salts  ui 
palladium. 

Il  is  true,  oil  the  uther  hand.  Ihat  at  a  UfHiiiU'  conceiitmlton 
the  rwluction  uf  the  pallad'ous  chloride  is  uiUy  cflecled  by  niea:uj 
of  carlMji)  iiiuiioxide,  hut  it  is  diilicult  tu  always  obtain  the  right 
comiitiuifc!;,  and  hirt-in  Hea  the  iuacciirafy  of  lla-  nielhi»d.  If  the 
solulicju  be  to<j  concent  rated  with  respect  tti  sodium  cliloride,  oven 
largo  aniuuiits  of  varlx>n  monoxide  will  fall  tu  precipitate  a  trace 
uf  palladium.  biL'cause  in  that  cat;e  the  sjolutiuu  contains  not 
unly  copper  but  ai^  palhidium  in  tliu  funii  of  complex  aodiuiu 
&alt«: 

[LHi^ClJXa,  and  [PdClJNa,. 

The  sodium  palliulciuti  ehtoridc  xa  not  reduced  by  carbon  mon- 
jxide  and  there  it?  even  less  likeliho<Hl  iif  the  two  sodium  salts  acting 
upon  one  another.  If  the  solution  be  diluted  with  water,  both 
Baits  break  down  accoriiing  to  the  equations 

[Cu,n  JNfl,  f=s  aNaCl-f  CiijCL, 

[IMClJNa,;^  2.\ttCl+?dClp 

and  only  when  the  ])aUadium  is  in  (he  ionic  eouilition  is  It  capable 
of  entering  int<^)  the  reaction.  The  fact  that  the  re<luction  of  iJio 
palladoiia  chloride  is  cfTectcd  by  means  of  CO  at  a  concentration 
at  which  Cu/.'l,  is  ineapable  uf  causing  any  reduction  is  easy  to 
understand,  for  the  gas,  CO,  comes  in  contact  more  readily  with  a 
fuCiieient  number  of  palladium  ions  than  doea  Che  dUlicultly  soluble 
cuprous  chloride. 

Hydrogen,  H.    Mul.  Wt.  2.016. 

Density  -O.O096O  *  CAir  =  I).     Weight  of  1  liter  =0.089978 gm. 
Molar  volume  =22.405  1,        Critical  temiwrature  =  -238^  C, 

Hydrogen  is  practically  insoluble  in  water. 

•  Lord  KaykiKh,  Fruc.  Hoy.  Sue.,  A3,  1134  (I8U3). 


A&<u)RpnnK  cfitmatKKn  or  stdrookn  ro«  watbb.* 

Tod  porn  tun.  f 

O* 0.02148 

«• 0.02011 

10*. O.OlOftS 

U" 0.01883 

SO* 0.01819 

26" 0.017&4 


The  usual  way  for  determining  this  gas  by  absorption  is  by 
means  of  metallic  palladiuni,t  but  in  the  majority  of  cases  it  is 
determined  by  combustion  with  oxygea  and  obaerving  the  con- 
traction : 


n,  +   0 

3  vola.  1  voL 


H,0 
0*03. 


It  la  evident  that  by  the  combvistion  of  two  volumes  of  hydro- 
gen, three  volumes  of  gas  will  disappear  (the  water  funned  occupies 
a  negligible  volume).  The  contraction,  therefore,  is  equal  t*i  f  the 
volume  of  the  hydmgen  conBumed.  If  the  coniraction  is  denoted 
by  Vg  and  the  volume  of  the  hydrogen  by  V^,  Ihea 


and  consequently 


In  many  cases  the  weight  of  the  water  formed  is  determined 
by  absorbing  the  latter  in  weighed  calcium  chloride  tubes,  and 
from  the  gain  in  weight  the  volume  of  hydrogen  ia  computed  as 
follows: 

18.02;22,405-p:jr, 

22.405. 


z  — 


18.02 


Xp^  1243.0Xpc.c.  hydrogen  undcrstandard  conditions. 


•  L.  W.  Winkler,  Borichte,  84,  00  (1801). 

tThn  at)iw:>rplion  ean  alao  bo  nccomplishMl  very  MtJatietorlly  hy  RUtana 
of  a  on*.  p«r  cent,  eulutiun  i.if  fXilUuluUK  cliioride.  C^mphpil  aod  Hurt,  Am, 
Clioiu.  J.,  IS,  294.-KTraiuaator.] 


Pia.ni. 


mprtBexitB  the  apparatus  required.  A  is  the  eudiometer  and  u 
conncctwl  by  moanfi  of  tlio  riipillan'  E,  in  wliirli  is  foiiTKl  a  short 
filirc  (if  pallacliuin-asbestas,  will)  a  Hc^mpcl  pii)nU<^  IIIIbI  with  n-ater. 
The  capillary,  E,  is  hcatod  by  mcaiui  nf  tlit!  small  flame  F,  at 
tlic  plaf«  where  tlic  palladiiiin-asl)«!tos  rrais,  (o  a  lemperattire  of 
about  3O0  to  -1{H)°,  but  not  hot  enough  to  acrten  tho  glass.  After 
the  gas,  which  is  niUcd  with  air,*  has  been  passed  liack  and  forth 


*  If  oxyiten  U  used  instcAci  of  air,  aome  of  the  niethnnn  U  nir*  to  hm 
Dxidisad.    Cf.  O.  Bninek,  Zeil.  f.  niip-w.  Cbem.,  t9(».  p.  195. 
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through  the  capillary  llipce  times,  the  combustion  is  complete.  If 
the  above-spec ifiefl  temperature  is  not  execedcd,  no  trace  of  metu 
ane  will  be  hiimed  ami  the  hydrogen  determination  will  be  accni 
rate.  It  Ls,  however,  difficult  to  rcKulate  this  temperature  closely 
enough  to  prevent  the  e^mlnistion  of  some  methane  unless,  as 
recniiiitieiideii  by  Habtr,  the  tiil>f  is  lirnlpr!  by  means  of  sulphur 
vapor;  the  results  are  usually  fmm  0..i  to  1  per  cent,  too  high. 

Preparation  of  PalliuUum-mbeMoa. — Three  i?nis.  of  sotlium 
palladous  ehloridc  are  dis-solvcd  in  as  little  water  as  possible, 
3  e.c.  of  a  cold  saturated  solution  of  sodium  formate  are  added 
and  enough  sodium  carbonate  solution  to  maJce  the  solution 
alkaline.  Then  about  1  gm,  of  soft,  long-fibred  a.slje.'^tns  is 
mided,  which  sucks  up  the  whole  of  the  liquid,  and  the 
mbrture  is  dried  on  the  water  bath;  by  this  means  finely- 
divided  palladium  m  depositetl  uniformly  through  the  asbestos: 

Nft,Pda+HC00Na=3NaCl+Ha+C0,+Pd. 

The  hydrochloric  acid  formed  by  the  above  reaction  is  neutral- 
ized by  the  sudium  carbonate.  In  acid  sohitions  fonnic  acid 
hanlly  reduces  palliuloui;  ch]ori<lo  at  all. 

After  the  a«l>csi(>s  ban  lhun>ughly  dried,  the  ma.ss  is  softeneJ 
with  hot  watc%,  [>laeed  in  a  funnel  and  washed  with  hot  water 
until  the  snUible  salt  is  corapIct<*ly  remnve<l.  It  i»  then  dried 
once  more  and  prewrved  in  a  well-at^ippcrcd  bottle. 

The  ]ial[adiuni-u.>(besto8  fibre  is  iutrotluccd  into  the  capillary 
tnl)c  a.t  follows:  The  fibre  is  rollo*!  Iwtween  the  fingers  to  a  little 
nmnd  wad,  the  latter  is  placed  in  the  n[>emng  of  the  unbent  capil- 
lary tubing  and  by  gentle  tapping  upon  the  table  it  is  made  to  pa.'is 
along  to  the  centre  of  the  tube.  The  latter  is  then  bent  ai  shown 
in  the  figure. 

/^tirnurt.- -inasmuch  as  the  palladium-asbestos  is  likely  to 
become  shovwl  into  the  fapillarj-,  it  is  perhaps  more  satisfactory 
to  use  instead  n  pHlhidiuin  wire  whirb  Is  wound  into  a  spiral.* 
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Methane,  CH^.    Mo!.  W't.  16.03. 
Density  =0.55297.    (Air  =  t.)     Weight  of  1  liter-0.714SS  gma. 

Molar  volume  =22.43  I.    Criticnl  tpmperaturc  =  — S2'^  C. 

Preparation. — Methane  is  conveniently  prepared  by  a  process 
analogous  to  that  used  iu  making  ethylene  *  {vl.  p.  761j.  A 
mixture  of  equal  parts  methyl  ioJide  and  alcohol  (sp.  gr,  0.S05)  is 
allowed  to  act  upon  a  iiinc-copper  couple  which  hoa  been  washed 
with  alcohol. 

2CH3l+2Zn+2HOH=Znl3  +  Zn(OH)a+2CH4. 

The  zinc-copper  couple  is  obtained  by  pouring  a  2  per  cent. 
copper  sulphate  solution  four  limes  over  granulated  jslnc,  then 
washing  with  water,  an<l  finally  with  alrohol. 

By  allowing  the  mixture  of  methyl  iodide  and  alrohol  to  drop 
upon  the  copper-eoated  zine,  a  steady  stream  of  methane  la 
obtained  at  the  ordinary  temperature.  Tho  gft«  is  purified  by 
shaking  it  with  fuming  Bulphunc  acid,  and  thon  with  caustic 
potawh  solution.  It  then  containa  nearly  99  per  cent  of  CH^  and 
about  1  per  cent,  of  nitrogen. 

Methane,  also  called  marih-gae  or  fire  damp,  is  only  slightly 

goluble  in  water. 

ABsoamoN  coEFKcntinB  or  lamuira  ron  wATSK.f 
TnnpvRtara.  9 

30" 0,02762 

3S* 0.02W6 


0' 0,05563 

6" 0.04.SOrt 


lO" 0.01177 

16" O.OSflltO 

ao* o,«s:wis 

25*» 0.0300G 


40" 0.02300 

45" 0.02238 

50° 0.fl2l34 

55" 0 .02038 


In  alcohol,  the  gas  is  about  ten  times  as  soluble  as  it  is  in  water. 
Inasmuch  as  no  satisfactory  absorbent  for  methane  ia  known, 
it  is  always  determine*!  by  combustion. 

From  the  equation  representing  the  combuation, 

CH,+20,=CO,+2IIA 


we  can  make  the  following  deductions: 

1.  Coj^raction. — The   contraction   caused  by  the  combustion 
of  nietliane  is  equal  to  twice  its  original  volume. 

2.  Cijkrbvn  Dioxidf. — Uy  the  combu-stion  of  mcthanp  an  equal 
volume  of  carbon  dioxide  is  pro<luccd. 

3.  Oxygen  Consumeti. — I'or  the  combustion  of  one  voluree  of 
methane  two  volumes  of  oxygen  are  neceMory. 

*  QUilstone  and  Tribe,  J.  Cliem.  8oc.,  45,  154. 
t  L.  W.  Winkler,  Bcrictt«,  M,  1410  (IVOl). 


AnALTSIS  OF  iLLinCIIIATIllO  AITD  PRODUCER  GA8BS. 

The  analysis  of  all  such  gaiwR  is  liest  performed  either  by  tha 
method  of  Hempd  *  or  that  of  Dreliscliiniiit.t 


Hempel's  Method. 


Hempel's  apparatus  is  «ho«*n  in  Fig.  10.>,p. 743,  It  conNsta  of  a 
eudiometer,  ir,  ilivlded  into  ^  e.c.  and  conneclM  by  mearu 
oC  rubber  tubing  with  the  levelling-bulb  K.  The  eudiometer  U 
also  connectnl  with  the  comr>en.sation-tube  D  and  the  latter  is 
connected  with  a  manometer  C;  both  the  tubes  W  and  D  are  sur- 
rounded by  a  cylinder  containing  water. 

CalibnUion  oj  the  Appar(au8. — First  of  all  the  manometer-tube  is 
filled  with  raercur>'  by  raising  the  levelliiig-bulb  A'  with  the  stop- 
cock p  in  the  pontion  shown  in  Fig.  lOo,  so  that  there  is  an  open 
connection  between  W  and  c;  the  mercury  is  allowed  to  pass  over 
into  C  untU  the  mark  mm  is  reached.  Tin*  volume  of  the  manom- 
eter-tube from  the  mark  m  to  the  point  a  (Fig.  105)  is  now  deter- 
mined aa  follows: 

By  carefully  lowerin^c  the  bulb  K  the  mercurj'  w  drawn  over 
into  C  exactly  to  the  point  a  when  the  stop-cock  p  is  closed.  A 
little  air  is  allowed  to  enter  into  the  eudiometer  through  the  righU 
hand  capillar^'  tube  above  p  (the  tube  E  should  be  withitrawn  aa 
in  Fig,  H2'),theleve!ling-bulb  A'tiplaccd  upon  a  .loHd  support  at 
about  the  same  height  as  the  mercuiy  in  W,  and  with  tlic  stop- 
cock  p  still  open  the  portion  of  the  mercury  in  W  is  read.  The 
Btop-cock  is  rloftcfl,  K  j  raised  a  little  and  p  ifi  tume:I  to  he 
position  shown  in  Fig.  105.  By  raising  K  still  higher,  the  air 
is  driven  over  into  the  manometer-tube  C  until  the  mercury  haa 
exactly  reached  the  mark  m,  when  the  stop-cock  A  (Fig.  105)  is 
ck>8ed.  The  exact  position  of  the  mercury*  is  then  adjusted  by 
tumiog  the  stop-cock  p  one  way  or  the  other,  and  the  pontion 
o(  the  mercury  in  W*  b  once  more  read.    The  difference  between  the 

•  Cftmnitlyliarhc  HethodcQ  (1900),  p.  48  IL 
t  B«hcht«.  21.  p.  3212  (18881. 


( 


pipette,  into  the  compensation-tube  D  and  the  end  of  the  tube  c 
is  cither  fused  together,  or  closed  with  a  cork  stopper  mid  made 
flir-tight  with  sealiiii;  wax. 

ProceduTG  for  the.  Atuil'jsiti. — If  the  analysis  is  to  l>e  carried 
out  on  the  spot,  a  large  sample  of  the  gas  is  collected  Jn  a  Dreh- 
srhniidt  pipettfl  C'^ip-  10.">  S).  To  ac(!ompIi.sh  this  thp  capillary 
tube  E'  is  oonnectcd  by  mcaiia  of  rubber  tubing  with  the  source 
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cii  the  gas,  and  tho  stop-roclt  M  Is  tiimod  so  tliat  the  tubti 
^  is  in  connection  with  thp  bulb  of  thp  pipette,  the  levclliiig-biilb 
bang  in  a  low  jiosit-on  and  the  stojvcock  «  Icftojien.  'l*he  pi|>ett« 
is  entirely  fiUod  with  the  Ras,  then  the  stoi>-<rock  M  \*  turned 
80  that  it  oommiiniral«i  with  the  oiilpr  air,  and  the  gM  is  com- 
pletely expelled  from  the  pipette.  The  ras  is  in  this  way  drawn 
in  and  out  of  the  pipette  at  least  three  times  in  order  to  make  mire 
that  all  foreign  gas  (air)  is  remove<J  from  the  rubber  tubing.  The 
flample  of  gas  is  then  taken  and  the  two  »top-cocka  ^t  and  s  ore 
cloaed. 

In  order  to  bring  the  gas  to  \vi  tested  from  the  Drchsehmidt 
pipette  into  tho  cndidmetcr,  tlie  two  instniments  un>  connected 
by  means  of  the  capillary  ^  (imagine  the  eapillary  TJinFig.  10r> 
to  be  replaced  hy  E')  and  the  rubber  eonnections  are  firmly 
wired  to  the  glass.  The  Klop-coek  .1/  is  tunicil  to  the  posi- 
tion shown  in  Fig.  105,  the  level! ing-bulb  K  is  raisoil  (after 
previously  causing  the  mercury  in  the  manometer- iidie  to  reach 
to  the  point  a)  and  the  burette  U  entirely  filled  with  mercury 
until  the  latter  begins  to  flow  from  out  of  the  tip  of  the  key  at 
M,  when  the  cocks  A  and  p  are  cloiwd.  The  cock  \f  is  then 
tume«J  90  that  the  pipette  S  and  the  burette  W  are  in  con- 
nection, K'  is  raised,  t  opeuod,  K  lowered,  and  bijth  p  and  A  ar« 
opened. 

After  about  40  c.c.  of  tlie  gaa  have  pamed  over  into  the 
eudiometer,  ttie  cocks  A  and  Sf  arc  closed,  the  key  of  Oic  Rtof>- 
cock  M  (which  must  be  entirely  filled  with  mercury)  is  dipfwd 
into  a  Waker  containing  mercurj-,  and  the  gas  in  tho  capillary  It 
sucked  int*)  W  by  liiwering  K  and  opening  A  and  p.  As  wx,n  u 
the  capillary  E  is  entirely  filled  with  mercury.  A,  p  and  finally  Sf 
are  clused. 

Tlie  volume  of  the  gas  in  W  is  now  determined  as  follows: 
A  is  opened  anrl  K  raise*!  so  that  tlie  mercury  in  the  butb  la  a 
little  higher  than  it  is  in  W.  After  tliis  p  ts  o[>enod  and 
the  gas  is  driven  over  towanls  C  until  the  mercury  in  both 
arms  of  the  manometer-tube  is  at  about  the  same  height, 
when  A  is  immediately  closed.  The  last  fine  a<ljustnient  uf  tho 
mercury  jevels  within  the  tubes  is  made  by  closing  or  opening 
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the  screw-flock  Q;*  the  volume  b  now  read,  and  to  the  reading 
die  oorreotion  corresponding  to  the  voliune  between  the  marks 
M  and  a  is  added. 

Fmin  tbia  point  begins  the  analysis. 

I.  DeterminatioD  of  Carbon  Dioxide. 

With  the  sto[>-cock  p  I'losed,  the  cock  M  \a  turned  as 
shown  in  Fig.  105  th«  UrfhscbmiJl  pipette  is  removed  and 
replaced  by  a  aecoiwl,  clean  pipette  completely  filled  witii 
mercury.  On  conneL-linR  the  st^ip-cock  M  with  the  mbber 
comiect«r  of  the  cBpiHar>'  £',  it  should  be  in  the  poidtioa 
shown  in  the  drawing.  By  this  means  the  mercury  in  the 
rubber  tubing  can  flow  out  throuj^h  the  key.  After  wiring 
the  nibbpr  tightly  to  the  glass,  from  3  to  5  c.c.  of  caufitie 
potash  solution  (1:2)  are  introduced  through  the  key  into  the 
pipette  M  and  the  alkali  in  the  capillarj*  is  washed  out  with 
about  2  c,c.  of  tjistille*!  water  and  then  with  a  little  mercury; 
after  this  the  ^as  itself  is  driven  over  into  the  pipette.  When 
the  mercury  has  filleil  the  whole  capillar}',  both  to  the  right  and 
left  of  .1/,  then  A,  p,  and  3/  are  closed.  The  bullj  K'  is  raised  so 
that  extra  pressure  is  placed  upon  the  gas  in  the  pipette  and  «  ts 
closed.  The  pipette  is  now  gently  shaken  for  three  minutes  with- 
out disconnecting  it  from  the  eudiometer,  after  which  the  gas  ia 
returned  to  TT  as  follows:  M,  p,  and  A  are  opened,  K  is  lowerefi,  K' 
raised,  and  «  opeiiwl.  Wlieri  ahnost  all  of  the  gas  has  been  driven 
out  of  the  pipette,  M,  p,  A,  and  Q  are  cbseil,  the  levelling-bulb 
is  placed  on  the  table  below,  and  K'  is  placed  upon  the  support 
(missing  from  Fig.  10"),  but  shown  in  Fig.  112)  upon  which  the  pi- 
pette itself  rests-  M.  p,  A.  and  *  are  now  opened  and  Q  screwed!  up 
a  httle  so  that  the  gas  is  very  slowly  sucked  into  the  burette. 
As  soon  as  the  caustic  potash  solution  has  reachc*E  M  the  latter 
ia  closed.  The  gas  remaining  in  the  capillary  to  the  left  of 
M  is  now  re."noved  by  sucking  mercury  through  the  key  of  if 
into  W.     Finally  the  volume  of  the  unabsorbcd  gas  is  read  in  the 


'The  rvAtlinf^  U  bent  niaile  witb  tli«  help  of  a  aiii&ll  t«1«9COpe,  the  ocular 
of  which  is  pitividrd  with  cmis»<hnin>.  For  this  purpose  tb«  t«l«scop«  con* 
[kect«ii  with  a  Uuoaeii  apectroKop   is  Buitabl«. 
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same  way  as  ticforc.    Tho  diflereacc  between  the  two  readings 
represents  the  amount  of  GOj, 

3.  Determination  of  the  Heavy  fiydrocarboas. 

The  pipoltc  containing  the  pouatic  potash  sohitinn  is  rwnovnd 
and  replaced  liy  another  containing  fuming  sul[)hnric  arid.*  The 
gas  is  driven  over  into  the  latter,  shaken  with  the  acid  for  three 
minutes,!  and  the  pipette  emptied  in  precisely  the  same  way  aa 
before.  The  gas  ia  now  rotumed  to  the  pipette  containing  the 
caustic  potash  in  order  to  remove  the  acid  vapors,  and  finally  trans- 
ferred to  the  burette  W  and  its  volume  read.  The  difference 
before  and  after  the  ireatincnt  with  fuming  sulphuric  acid  repre- 
sents the  sum  of  the  heavy  hydrocurijoiis  (CjH,,  CgHg,  C,H,,  etc.). 
It  is  not  usually  customary  to  attempt  to  iwparaio  Che  .>cnzenc 
ironi  the  etiiylene. 

3.  Determination  of  Oxygen, 

This  part,  of  the  anatyms  Is  carried  out  In  exactly  the  same  way 
as  the  dcter.i.ination  iif  the  CO.,  excent  that  In  this  ca'ie  the  absorp- 
tion pipette  ooQtoiiis  an  alkalin;;  solution  of  pyrogalbl  (cf.  pp. 
758-9). 

4.  Dstsroii nation  of  Carbon  Monoxide. 

The  deterni nation  of  carbon  monoxide  may  be  effectod  either 
by  absorption  with  animoniacal  cuprous  chloride  or  by  simul- 
taneoux  eonihu-ttion  with  hydrogen  and  methane. 

For  the  absorption  method,  the  procedure  ia  the  same  as  in 
the  ra.'W  of  the  determination  of  the  heavy  hydroearlKin!*,  i.e.,  the 
abscrjition  i.1  ffTectc<l  in  a  pipette  containing  only  ammoniacal 
cuprous  cb'nridc  (no  mercury).  The  gaa  is  shaken  for  three 
minutes  with  a  solution  of  cuprous  chloride  which  ha.-*  alr^aily 
been  usT'I  frequently,  and  then  the  aame  length  of  time  with  a  fresh, 

*  In  this  pipette  the  hulh-Lubo  K'  ts  fuaed  on  to  the  abaorptinn-hulb, 
act  that  it  U  n  littk'  h'l^bfr  than  the  L»tt«r,  in  the  *&tat  wa/  aa  in  the  Ifempcd 
pEpeilr^FiK    115).     Mt^rriiry  ia  actad  upon  by  fumiriK  MUl|ihuric  acid. 

t  From  tH'>  cxpcrifncw  of  the  ManachuartUt  Oiu  ItiKpcrtora  it  w-oiild  acem 
w  if  morv  t<<uK  trere  nivf^ry  tor  thu  complete  aheorption  of  iho  heavy 
hydroearboa»— pcriiapa  thirty  miDUUa  ixulead  of  thrw.— CTranaUlor.] 
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or  little  usedj  solution  (cf.  pp.  763-41.  Before  reading  the  volumo 
of  the  unabsorbed  gas  it  muat  be  freed  from  ammonia  vapors, 
which  is  accomplished  by  shaking  with  hydrochloric  add  C!"2) 
in  a  Drehschmidt  pijieltc. 

5.  Determination  of  Hydrogen  and  Alethane. 


J 


After  the  removal  of  the  carbon  monoxide,  the  gaa  may  con- 
sist of  hydrogen,  methane^  and  nitrogen.  An  excess  of  oxygen 
ia  added  to  this  mixture  (with  illuminating-gas  twice  its  volume 
is  added,  while  with  Dowson,  water,  and  producer  gas  only  a 
little  more  than  half  as  much  oxygen  is  neccssarj-).  The  eudiom- 
eter W  is  connected  with  a  Drehschmidt  pipette  entirely  filled 
with  pure  mercury  *  by  means  of  a  Drehschmidt  platinum  capil- 
lary (Fig.  I05f  V),  and  the  latter  ia  heated  to  bright  redness 
with  the  non-1  urni nous  flame  of  a  Teclu  burner,  taking  cane 
that  the  inner  flame  mjintlc  does  not  come  in  contact  with  tKe 
platinum.  The  gas  mixture  is  conducted  three  times  in  a  slow 
stream  through  the  hot  platinum  tube,  but  taking  care  that  nc 
mercury  entere  the  latter,  The  volume  of  the  unconBumed  gas 
U  then  measured  without  removing  the  platinum  capiUari-,  and 
the  carbon  dioxide  is  determined  by  introducing  some  ca\ustio 
]>otash  into  the  pipette  and  then  shaking  the  gas  with  it;  after 
throe  minutes'  shaking,  the  unabsorbc^i  gaa  is  returned  to  the  eudi- 
ometer, closing  the  stop-cock  M  as  soon  as  the  caustic  potash 
jolution  reaches  it. 

Calculalion  0/  Hydrogen  and  Methane. 

Assume  V  c.c.  of  gas  t4.j  be  taken  for  the  analysis,  "nie 
residue  remaining  after  the  aUsorptinti  uf  the  CO,,  Ci.H,„,  O,  and 
CO  was  mixed  with  oxygen  and  burned.  The  contraction  pro- 
duced was  V^  and  the  CO,  formed  amounted  to  Kx- 

We  saw  on  p.  774  tliat  the  vohimc  of  the  metliane  is  equal 

*  There  must  be  no  iraPA  of  caunlic  pntuh  in  th«  pipett*.  bocauM  in 
that  rase  CO,  would  b«  iU>xcirl>«t)  and  au  inaccunito  result  would  be  obtained. 
To  make  sure  that  nil  lliv  nlkali  is  rvtiiuvvd,  ttii.-  (>ip<.'ttc  in  wuihvd  linrt  with 
wat«r,  then  with  hydrochloric  acid,  and  finally  with  water  oace  more. 
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to  the  volume  of  the  CO,  fornieil,  V^,  and  in  per  cent. : 

V:7x-100:x 

X  =  -rr  100  -  per  cent.  CH,. 

Since  by  the  combustion  of  one  volume  of  CH,  two  volumea 
of  gas  tlutappear,  it  is  evident  that  by  the  combustion  of  \\  c.c. 
of  CH,  the  cuntraction  will  amount  to  2Vx^ 

If  the  latter  value  be  subtracled  froni  the  total  contraction  Ve, 
the  cUfl'ercnce  represent!!  the  contraction  caused  by  tlic  couibua* 
tion  of  t]ie  hydrugcn  present  {Vc  ^-Vk)  and  Lwo-thJrdaof  the  lat- 
ter represcutH  tlie  amount  uf  hydrogen, 

3 ""' 

and  In  per  cent.: 

K:3Cl't-2F,)=100:s 

200(rc-2y,)  ^  _ 

a:= — —:yY ^P®'"  """*■  "* 

DeterminatJon  of  Cartran  Uonoxide,  Methane,  and  Hydrogen 
by  Combustion. 

After  the  absorption  of  the  CO,,  C»H,s,  and  O,  the  residual 
gas  confdsta  of  CO,  CH«,  H,  and  N.  To  it  a  mcAJnired  vohime  of 
oxygen  *  ia  added,  the  mixture  burned,  and  both  the  contraction, 
Vc-and  the  carbon  dioxide  formed,  V^,  arc  estimated.  After  this 
the  unused  oxygen  is  determined  by  absorption  with  alkaline 
pyrogallol  solution.  If  the  excess  of  oxygon  is  Bubtracted  from 
the  amount  originally  added,  the  difference  will  give  the  amount 
of  oxygen  neeoBsary  for  the  oombusUon,  Vo- 

*  The  purity  of  the  oxygen  must  be  t«8t«d  before  the  anftlysifi,  t>ecrauK 
the  rommercial  product  &1iBto«t  nlwajri  ooDtuiu  nitrvgvii.  For  the  jmAlysis  a 
mciuunKl  volumo  of  nitrogen  ia  added  to  a  definite  amount  of  axy^n.  as 
othenriae  the  amount  of  the  rendiial  jeaa  might  h«  Xeo  Hnoll  to  fM.  the 
tDAnrtntf-lOT'tulic  bctwoea  the  marlcM  a  and  m  (Fig.  105).  The  nitrogen 
in  prcjnrMl  Ity  nllowing  air  to  aland  over  phosphonjs  in  a  II«nipel  pi|wctc. 
fCf.  p  791 
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If  the  amount  of  (X>  is  denote*!  by  x,  the  CH,  by  y,  and  finally 
the  hydrogea  by  z,  we  have  the  following  three  indepeodcDt  cqua> 
tioos: 

2.  Vjt=x+y. 
and  from  these  equations  we  find  that 


*  According  to  A.  Wohl  (Berichte.  IMU.  433)  the  results  on  aot  quhe 

uccumU;  when  olilouitKl  lo  Lhu  wuy  liocauHe  thv  niolvculor  voluinD  does  not 
always  equal  the  ihcorctieal  \'alua  of  22.41  liters.  XcniEt.  in  his  book  on 
Theoretical  Chomiinry,  gives  the  following  molt'cular  volumes: 


Par  ]  Bm  -mol  of  tbe  gi 
H,-22,43I. 
0,-22.39  1. 
CO-22.39  I. 

CH,-2'2.44I. 
CO, -22. 26  L 


oc  rrf orn»d  to  oKjrgen. 

H,- 1. 0017 

O,  =  1 .0000 

CO-1.0000 

CH^- 1 .0020 

cOj-o.oasy 


T&king:  thesr  xtilut^  Into  Mnsideration,  A.  Wohl  obtAJtu  for  z  CO,  y  CH4, 
«ii(i  z  H„  the  following  formulas: 

Z=-0.3329Ka- 1^0  + 1.3394  V'*, 

y-  -O.S336re  +  IX)020l'a-0.'W«F»; 

«-l«X)5r«-I.OO17l',-O.C)06OV'». 

F.  Hab^r  (Thennodj-namilt  teehn.  Cijwr^aktionen,  p.  2.Sfl)  sMs  no  reftson 
for  modif>'iiiK  llie  Uuiweri  formulas  in  this  way,  for  whpu  a  comtiuatioa 
analysis  u  carrini  out  by  uxplostou,  tlji.'  volume  of  vpa  »ft«r  tbe  explonon 
is  M>  poor  in  carbon  dioxide  llmt  the  partial  pnaeuce  of  the  latter  doea  not  vary 
much  from  that  of  an  ideal  cas,  and,  thvrefore.  follows  .iVvoioutro'^  Rule. 

It  i»  quite  another  matter  in  the  coac  of  mixtures  rich  in  carbon  dioiddo, 
as  nftrn  occur  to  pw-voluinctrie  analyms.  In  that  eaae  the  weight  of  carbon 
dioxide  (or  of  carbonate)  is  computed  from  the  volume;  of  tlic  i^  and  aocurato 
vntut--^  an!  ubtutued  by  u&iuff  the  observed  molecular  volume  of  22.20  for 
this  gaa  (soe  p.  3S3). 

The  noceaaity  of  iLting  the  ohflen'nd  moWutar  volunui  instead  of  the 
theon-tical  value  has  b«a  ithown  by  Tread  well  ami  Ohristin  (Z.  angfw.  Chem., 
|»05,  1930)  for  chlorine.  With  othor  vapors  (.Vlli,  UCl,  SO,,  K,0)  tbe 
ofasBTved  molecular  volume  should  bo  used  unquntUoimb^. 


lUUMmATiNG  AND  PRODUCER  CASES. 


7S3 


In  order  to  illustrate  the  accuracy  of  the  method,  t*he  results 
obtained  in  the  analysis  of  the  gas  from  a  Dowson  gas  generator 
with  the  help  of  the  iJcville  tube  (Fig.  100,  cf.  p.  732)  will  be  given. 
Two  samples  of  the  gas  were  taken,  one  35  cm.  antl  the  other 
45  cm.  alwvc  the  grate.  The  height  of  the  cod  layer  in  the 
producer  ainountcd  to  45  cm, 

DOWSOH  OAS. 

Samplo  I  (35  cm.  above  the  gr&te). 


I. 

n. 

llMa. 

CO,     -     KM 

8.48 

8.61 

C„H,„=     0.30 

0.30 

O.SO 

0         =      0  36 

0.27 

0.31 

CO      -  20. 7« 

20.81 

20.80 

CH.    -     ].32 

1.2« 

1.20 

B       «  SLfrl 

22.27 

22.05 

N       »  46. &A 

•M  61 

46  74 

100.00* 

100.00 

100.00 

The  above  analysis  was  performed  by  Korbuly  in  the  author's 
lalxiratnry,  and  the  carbon  monoxide  was  determined  by  absorp- 
tion in  am[niiniac;al  ru|>n)us  chloride^  but  in  the  following 
analysis  this  gas  was  di-tennino  I,  a&  described  alwve,  by  simul- 
taueotiK  combustion  \sitb  hj'ilnigen  and  methane 

UOWftON    OAa, 

Sample  11  (45  cm.  nbove  th«  grate). 


I. 

11. 

HMD. 

00,     -     8.58 

M.55 

8.56 

UH^-     0.48 

0.48 

0.48 

0        -     0,17 

0.2R 

0.21 

CO      =  20  79 

•>{\.m 

20  68 

CH,    =>     0   13 

0,43 

0  43 

H        -    10  31 

10.22 

19  26 

N        -   SO  2* 

fiO,-l7 
100.00 

60,37 

100.00 

100.00 

*Tlir>M>  nnnlywii  a<1d  up  to  exactly  100  per  cent,  simply  bflesun  ibe 
nitroKQo  is  dcicrmlnwl  by  diflTcrcMo.— {TransUtor.l 
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Obviously'  the  above  results  are  perfectly  satisfactory;  H 
is  wirtti  iinjiUbiiiiijr,  liuwever,  that  acconlitiK  Ui  tin?  fanimr  nutthofl 
(ahsiirpiitJii  i»f  tUe  CO  ami  caiiibustion  of  tlie  riwiiiiic)  the  value 
obtained  for  i\\e  methane  is  almost  invariably  suitiewhat  higher, 
ami  that  for  hydrogen  a  trifle  lower  Uian  accoitling  Ui  tlic  second 
meihod.  To  illustrate  this,  the  results  ot  a  third  analysis*  will 
bo  piven,  which  was  also  made  by  Korbuly  ia  the  saniplo  of  gas 
taken  35  cm.  above  the  grate 


Bample  I  (Dowaon  Gas,  35  cm.  above  the  gTAtc)* 

CO  drtarmiDAcl  CO  dot«nnin»d 

by  ikbkMFptioii.  by  oombuiiiuD. 


CO,     -     SSlf 

8.4^ 

CWH„=     0.30 

U.33 

O        =     0.31 

D.27 

CO      =  20. so 

211, <J1 

CH,    -     1.29 

0.79 

H       -  22.05 

33. 3R 

N        -  48.74 

45. SO 

100.00 


100.00 


Of  the  two  methods,  the  author  decidedly  prefera  the  latter. 

Analysis  according  to  H.  Drehschmidt.t 

The  apparatus  nf  Di'chftchroi(h,  like  that  of  irompel,  con- 
siats  of  the  gas-burette  B  and  the  compensation-tube  C,  both 
of  which  are  cont<iin<^  in  a  cylinder  filled  with  water  (Fig. 
113). 

Through  the  stop-cocks  a  and  6,  B  and  C  are  connected  by 
ineana  of  capillflr>'  glass  tubing  in  which  a  drop  of  a  colored 
solution  (indigo  and  sulphuric  acid)  is  placed;  in  order  to  deter- 
mine   the  position  of  the  latter,  the  rapillftry  is  provided  with 

*  The  fpa  came  from  the  eaine  tulio  as  m  the  cnse  of  the  other  aualyijua. 
The  pia  was  n![iiovi.ti  (mm  (he  tube,  as  describevl  on  pp.  731-3. 
t  This  {n  llip  analysifl  uivpn  on  p.  783. 
X  UeiicbLc,  SI  Cl»^}.  P-  3242. 
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a  millimeter  Kriuluation.  Tiie  threE?-wHy  cuck  a  can  be  turned 
so  that  C  connccLs  with  the  outer  air  or  with  the  capillary, 
or  so  that  the  capillary  is  in  connection  with  the  air;  it  has  an 


Fi<i.  US. 


opemoR  tbrouah  the  top  of  the  key.     The  cock  6  has  a  right- 

anRled  iMjririR  like  //,  Fia.  105.  The  burette  is  divided  into  rnilli- 
mel^rs  and  must  W  calibrat<^d  with  mercury  Ijefore  using.  The 
apparatixs  \a  used  in  the  same  way  as  described  under  the  llcmpel 

method,  p.  775. 
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TECBincAi.  Gas  Aitalysis. 
Method  of  Hempel. 

The  apparatus  necfssarj"  is  clppictocl  in  Fig.  1 14.  It.  con.siftta  of 
a  long  measuring-tube  ending  at  the  top  in  a  thick-wallwl  capillary 
tube  and  connprrtcd  at  the  bottom  by  means  of  rubber  tubing 
about  a  meter  long  with  the  levelling  tiilx*. 

The  ga-s  is  confined  over  water  which  has  been  saturated  with 
the  ga.1  to  be  examined,  and  the  absorption  is  efTected  in  Hempel's 
absorption  pipettes  such  oa  are  shown  in  Figs.  1 15,  1 16,  117,  and 
118.*  Fig.  100  represents  a  simple  pipette  for  liquid  ab^rbents, 
while  Fig.  101  shows  a  compound  absorption  pipette.  The  latter  is 
used  for  solutions  which  undergo  change  on  exposure  to  the  air,  e.g., 
an  alkaline  solution  of  pyrogalIol,or  an  ammoniac al cuprous  chloride 
solution.  The  liquid  in  the  two  right-hand  bulbs  serves  to  protect 
the  solutions  on  the  left.  Fig.  117  shows  the  pipette  used  for 
fuming  sulphuric  acid.  The  small  bulb  is  filled  by  the  glass- 
blower  with  glass  beads,  which  serve  to  give  to  llie  sulphuric  acid 
the  largest  possible  surface,  so  that  the  absorption  is  elTected  much 
more  readily.  Fig.  118  is  a  pipette  used  for  solid  absorbents,  such 
as  phosphorus,  etc.  In  order  to  fill  it  wiili  phnsphonis,  the  pi|v>tto 
is  placed  upside  down,  the  cylindrical  part  is  fille<i  with  distilled 
water,  an.l  small  aticka  of  colorleas  phosnhorua  arc  introduced. 
AflBrfilliug  thopipettc,the  rubber  stopper  winsertoil,theapparatU8 
Is  placed  right  ade  up,  water  is  )Hntretl  into  the  bulb,  and  any 
ur-bubbles  in  the  cylindrical  part  of  the  piiK'tle  are  removed  by 
blowing  thn)Vigh  the  bulb  nitil  the  water  Hows  out  fnwn  the  top 
of  the  left-hand  ca[>illary,  wliich  is  then  closed  by  means  of  rubber 
tubing  and  a  pincK-cock. 

Analytis  of  Jlhtmlnatitig-gat. 

First  of  all  the  confininj:  liquid  is  prepared  by  conducting  the 
gas  through  distilled  water  in  a  wash-bottle  for  several  minut<a 
with  constant  shaking. 

*Th««e  wooden  ijipctti-  stAnils  AR  no  longer  mucb  uacd;  Iroo  ooe*  an 
pr«rerT«d.-^TrausIalor.) 
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The  gas- bun? tie  is  filltvl  cnrirely  full  with  tW/i  Hqiiltl  iu\cl 
then  the  upper  niblwr  tubing  is  clnsi^l  with  n  pinch-rock.  In 
order  to  (ill  the  biirt'tle  witli  gas,  tho  n-ccivor  Is  rtmnovtod  \\\\X\ 


Fio.  114. 


Fm.  ll«. 


the  burette  by  means  of  b  piece  of  nibber  tnliinx  thrmigh  which 
Ihe  gu  huB  beeo  flr»wing  for  two  or  thrpc  rninotn,  tba  trreilinK-lube 
Ml  lowere«l.  the  pinch-crKlc  opened  an*!  a  iiltle  (r.on  (Hah  |f)0  e.e. 
of  the  %aa  are  allowed  to  flow  into  the  bimtU.  The  upper  cock 
k  now  clueetj,  the  levdlinK-tubc  raty>e«I  until  the  Iriwrr  meniieui 
of  Uie  coo&ninff  liquid  u  exactly  at  the  100-e.e.  niArlc,  when  th« 
lubber  between  the  levdfiiw-tube  and  the  borelto  m  do— d  M«r 
the  burette  with  a  pineb-codc.  The  apptnitm  m  illwiwrl  to 
•t4Bd  tmtn  the  water  do  longer  mei  fai  tbt  bvKtO;  tM>  »mui>m 
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two  or  three  minutes.  When  the  water  is  stationary,  the  lower 
pinch-cock  is  carpfiilly  opened  (for  there  is  extra  pressure  in  the 
buretl<0.  which  raiisrs  the  watcr-lcvrl  to  sink.  When  the  lOO^j.c. 
mark  w  again  rrarhed,  this  cock  is  rloscd,  the  upper  pinch-cock 
IB  opcncfl  an  instant  in  orcicr  to  allow  the  excess  of  gas  to  escape 
ami  thr-n  inirnpfHatoIy  closctJ.  Tlien,  to  make  si:re  that  the  burette 
contains  exactly  100  c.c.  of  the  gas,  the  lower  pinch-cock  is  opened 
and  after  bringing  the  water  in  the  levelling-iube  to  the  same  height 
aa  in  the  burette,  the  readinj?  is  taken;  the  lowest  point  of  the 
meniscus  should  coincide  exactly  with  the  lOO-c.c.  mark  of  the 
burette.    Finally  the  lower  pinch-cock  is  closed. 


I.  Determination  of  Carbon  Dioxide. 

Tlic  burette  is  connected  with  a  pipette  oontaininf;  caustic 
potash  solution  by  means  of  a  capillary  filled  with  water,  as  shown 
in  FiK.ll4,tiif!  k'vclling-tube  is  raised,  first  the  lower  pjnch-coek 
and  then  the  upper  one  •  is  opened  and  the  gas  is  driven  over  into 
the  pipette.  The  confining  liquid  should  now  fill  the  entire  capil- 
larj'.  The  upper  ptnch-cock  is  closed,  the  pipette  taken  up  and 
shaken  for  three  minutes, f  and  the  gas  is  returnfv!  to  the  burette, 
taking  care  that  none  of  the  alkali  pjitere  with  it. 

The  liquid  in  the  IcvcUing-tuhe  is  brought  to  the  same  level 
as  that  in  the  burette;  the  h)Wor  pinch-cock  is  closed  and  after 
the  water  has  completely  drained  from  the  sides  of  the  tube,  the 
volume  of  thfi  unabwirbcd  ^;a.s  is  read. 

2.  Determination  of  the  Heavy  Hydrocarbons,  CnHja. 

The  burette  is  eonnccted  by  means  of  a  dry,  empty  eaoillaiy 
with  sulphuric  acid  pipette  (Fig.  117)  aad  the  gas  is  passctl  back 
and  for1.h  four  times,  taking  care  that  no  water  enters  the  pipette 
and  that  the  sulpburic  acid  does  not  reach  the  niblwr  connection. 

Before  the  experiment  the  position  of  the  sulphuric  acid  ia 

*  tn  the  figure  thi«  pinrh-cock  is  IftRkin;^. 

t  The  nbwjrption  t&k«9  place  more  rsjiidly  with  one  of  Ilcmpd's  new 
pilK-ttee,  whieb  ta  Bimilur  to  the  vnv  dhnwn  in  FIr.  117,  nxcppt  that  the  rijtht- 
hand  bulb  ut  mplAncd  by  a  movable  levelUoK-bulb,  as  in  Fi^.  105.  Thv  latter 
ia  Blind  with  mercury,  ufion  which  the  liquid  aboorbeat  floata.  l-'or  the 
ab0ori>tioD  of  COi,  it  i^  only  neoeaaary  to  pass  ihc  gaM  buck  and  (orLh  once. 
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DETERMINATION  OF  OXYGEN. 


marked  upon  tho  milk-Rlass  plate  bock  of  tbo  pipetto  and  at  the 
end  of  the  experimont  the  acid  must  pome  t«  the  same  mark.  Tho 
gaw  in  the  burette  is  now  contaminated  with  ncid  vapors  which 


PlQ.  117. 


Fio,  118. 


arc  removed  by  pa.si*inK  it.  into  the  potash  pipette,  afterwards 
returning  it  to  the  burette. 

3.  Determination  of  Oxygeo. 
Tliis  can  be  effected  liy  shalvinj^  the  gjis  in  the.  enmpound  pipetto 
with  alkaline  pymRallf)!  si>hiuon,  but  far  preferably  by  means  of 
phosphf>nifl.  in  tlie  latter  case,  tho  gas  is  driven  over  into  the 
phnsphonis  ])ir>ettc  an<l  allowed  to  remain  there  until  the  white 
vapora  disappear;  this  usually  requires  but  three  or  four  minutes 
(cf.  p.  7&yj.  If  no  white  vajMirs  can  Ijc  detected,  this  shows  con- 
clusively that  tlic  alhMirplion  of  the  heavy  hydrocarbons  was 
ineompletc  (cf.  p.  759).  In  such  a  coko,  the  gas  must  be  a^ain 
treated  with  sulphuric  acid  and  aft'erwanla  with  phosphorus. 
If  no  while  fuincK  arc  then  fornuHi,  no  oxygon  is  present,  a  case 
which  practically  never  occurs,  for  in  tho  detemiination  of 
the  hydmcarlmns  a  litllf!  air  containing  oxygen  always  reachM 
the  giBfl  fnim  the  Hmiill  nipillary. 

4.  Determination  of  Carbon  Uonoride. 
The  gas   18  shaken   three  minute's  with  an  old  aohition  of 
ammonincal  cujircius  chloride  and  then  the  same  length  of  tiuio 
with  a  frt'sh  solution.     (S,-  ■  pa^cs  76:J,  779.) 
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5.  Determination  of  Hydrogen  and  Methane. 

Aft«r  the  alwirption  of  the  carbon  monoxide  the  residual  gas  ts 
placed  in  the  liydro chloric  acid  jHpetlc,  while  the  burctt*  is 
washed  out  with  hydrochloric  acid  m  order  to  remove  traces  of 
alkali,  and  tlien  filled  with  distilled  «-ater. 

About  15  to  IC  c.c.  of  tho  gas  in  the  hydrochloric  acid  pipette 
are  transferred  to  the  burette^  and  after  reading  its  volume  it  is 
driven  over  into  an  explosion  pipette  containing  mercury  (Fig.  1 10), 
100  c.c.  of  air  (containing  20.9  c.c.  of  oxygen)  are  accurfttely  meas- 
ured off  in  the  burette  and  atldcd  to  the  contents  of  the  explosion 
pipette.  The  latter  is  then  closed  by  means  of  a  pinch-cock, 
the  contents  of  the  pipette  arc  mixed  by  shaking,  the  levelHnf^ 
tube  is  lowered  so  that  the  gas  is  placc»3  under  re<luced  presisure, 
and  the  glass  stop-cock  of  the  pipette  is  clo.«e«l.  The  platinum 
wires  which  are  fused  In  the  upper  part  of  the  bulb  arc  now  con- 
nected with  the  poles  of  a  small  induction  coil  so  tliat  sparks  pas* 
between  the  platinum  points  within  the  pipette.  The  cxplosiott 
at  once  occurs  with  a  flash  without  ever  breakintc  the  pipette. 
The  gas  is  returned  to  the  burette.  It  wotild  seem  natural  to 
read  the  volume  of  tlie  gas  and  then  determine  the  amount  of 
carbon  dioxide  formed,  the  latter  being  a  measure  of  the  amount 
of  methane  bumeil.  This  is  not  advisable,  however,  because 
the  gas  in  the  burette  is  confined  over  water  which  absorbs  ap- 
preciable qtiantitie»  of  carbon  dioxide.*  Consequently  without 
readinia;  the  volume  of  the  gas,  it  is  transferred  to  thepota.sh  pipette, 
the  carbon  dioxide  removed,  and  the  volume  of  the  gas  then  remi; 
this  gives  the  contraction  1%.  Finally,  the  amount  of  unused 
oxygen  is  determined  by  mcan.s  of  .absorption  with  phosphorus. 
If  the  exce.«s  of  oxj-gcn  is  subtracted  from  the  total  amount  added 
(20.9  c.c.),  the  amount  <if  oxygen  revpiired  for  the  combustion 
is  determined  (1%),  so  that  we  have  two  equations  from  which  the 
amount  of  hydrogen  and  methane  can  he  computed. 

'Subecqunit  experuuenta  tiavc  shown  thitt  the  vrrarcniiaMi  t>y  ahsorption 
of  CO,  by  the  vrutpr  in  to  slijUit,  durioK  tlie  Hhorl  time  of  wailing,  tb»t 
it  ia  better  lo  detennine  the  CO,  with  caustic  poliuh  i>Jt«r  the  explosion, 
aa  Kcmpt^l  nliio  ivcumnifadle^l .  The  reeuJta  thus  obtained  are  usually  more 
conconiiuit  than  thoso  by  tha  molbod  doscribeii  in  the  text.    (See  p.  7B2.) 
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If  we  represent  by  x  the  volume  oi  the  hydrogen,  and  by  y  the 
volume  of  the  methane  we  have 

1.  V,  =  ix^•Zy, 

2.  V,  =  ir+2y. 

and  from  these  equations  we  find 

The  valncs  thus  obtained  are  referred  to  the  total  gas  residue 
and  in  this  way  the  amount  of  hydrogen  and  methane  present 
in  the  illuminating  gas  \s  determined. 

Great  accuracy  is  naturally  not  to  be  expected  by  such  an 
analysis,  but  the  procedure  is  verj-  satisfactoiy  for  an  approxi- 
mate estimation.  In  order  to  Illustrate  this  point,  the  icsults  of 
analysca  made  by  two  different  students  in  the  author's  laborar 
tory  at  the  same  time  will  be  given. 

Analysis  of  Zurich  Iltuminating  gas  by  Hempel's 
Technical  Method. 

r-  n. 

Qu  Ukcn 100  c.e.  100  ce. 

—1.8%  CO,  —1.8%  00, 

Alter  ramoTal  of  00, B8.2  08.2 

-3 .0%  C,Hm  -3 , 0%<%H«, 

"        .1       ««  Ci^^  ...    M.fl  w.o 

—0.6%  O  —0.6%  O 

"         "        "  0 94.0  M.O 

—8.0%  CO  —8.8%  00 

"          "       "CO    S5.4  8fi.2 

For  the  H   and  CII,  deter- 
minallun    wero  taken   of 

gM Ifl.O  15.6 

■fftlr na.O  115.6 

— TO.O-V,  — 29.8-rt 

Mt«rt1ioexpl<Miuii. S6.0  S5.S 

— aS.S  exceaozTsen  — *5.0exoMB 

"     removal  of  mtreaaof  0     80.8  80.2 

v.- 'JO, 9 -5, 2- 15.7.  V;-20.e-5.6-lfi.a. 
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If  the  values  of  7c  and  F«  ue  Liucrt«d  b  the  above  equaUooa,  we 
have: 

Hydrogen  *->8.6  *=&.! 

Hethana     yafi.?  y^b.A 

•ad  ia  per  ceot.: 


af=45.9%  H 
y-30.42%  CH, 


«-49.7%  H 
V=29.S%  CH, 


SDHUAHT   OF   THE   TWO    AXALTBEB. 


I. 

II. 

DiflgmiW. 

1.8 

t.g 

0.0 

3.6 

3  6 

0.0 

O 

0.6 

0.6 

0.0 

CO 

S.O 

8.8 

0.2 

H 

4fi  fi 

4it.7 

ss 

CH, 

30  4 

!».& 

0  9 

N 

9.1 

6.0 

S.l 

From  the  results  obtainetl,  it  is  obvious  that  in  each  case  the 
values  obtainc<l  by  abat^rption  agree  closely;  on  the  other  hatij, 
the  two  det-ermiuations  of  hyiintgen  differ  by  almost  4  |ier  cent, 
while  that  of  methane  shows  a  divergence  of  nearly  1  per  cent. 

It  is  pf>8aiblG  to  obt^ii  a  mueh  ehiser  aproemerit  than  the 
above  in  the  detenninatitm  of  hydnigon  and  methaiie,  but  the 
analysis  is  inaccurate  on  account  of  the  fact  that  only  one-fifth 
of  the  residual  gas  is  taken  for  the  explosion;  thus  every  error 
is  multiplied  by  five. 

As  was  mentioned  in  the  foot-note  on  paj^e  700,  the  gas  residue 
may  be  analyzed  sw  under  (n)  with  the  exception  that  the  CO^ 
obtained  by  combuation  is  measured.  Then,  if  the  volume  of  the 
hydrogen  =■!  and  that  of  the  methane  =y,  the 

contraction  =  V^  =  j  i  +  2y. 
C03C=CH4)-F*-i/ 

from  which  the  hydrogen  (t)  can  he  computed  as  follows: 


j4S/1LYS]S  of  ZURICH  ILLUMtNATING-GAS. 


As  nn  example  of  this  "kind  of  an  anjilysw,  two  of  the  nuthor's 
students  analyzed  independently  a  sample  of  illuminating  gas  from 
Montb^liard. 


TokcQ 
-CO, 

-o, 

-co 

Of  the  rcKiflual  ^ft»  there 
■waa  lakcn  for  II  and 
CH,     ilutvriiiiitntiuD + 


I 

100  c.c. 

97.4c.c.=.2.e%CX), 
fl2.7c.c-4.7%C,!I^ 
92  4c^.-0.3%0, 
83.1c.c.-9.3%CO 


Aft£r  the  expto«oD 
-CO, 

-Oh 


15.4  e.n. 
115.4  CO. 

90.6c.c.-24.8-Ke 
M.6cx.-6.I-V»-CH, 


100  CO. 
»7.2c.c.-2.8%CO, 
62-4  0^.-4. 8%  C^^ 
92.0c.c.-0.4%0, 
83.CC.C.-9.0%CO, 


15.6  0.0. 
115.6  cc. 
90.2  0.0.-25.4  7* 


83. See. • 


6.4  -  Vk  - 

CK, 

80.3o.o.-4.2-«)tc««oxy-  79.8  «.e.- 4.0 -^excesa 
Oen  ofO, 


If  the  values  of  Ve  and  Vt  are  iuserted  in  the  above  equa- 
tions: 


Hydrogen £—8.4-45.3  perocal  H» 

Methane ^-6.1-32.0       "         CH« 


s-8.4    44.7  per  cent  H, 
V-&4    34.0        "        CH4 


aUKMART   or  THK  TWO  AMALT8BS 


t. 

n. 

Differenca. 

00,- 

2.e 

2.8 

0.2 

C,H,-- 

4.7 

4.8 

0-1 

0,- 

0.8 

0.4 

0.1 

co,- 

9.Z 

0.0 

0.3 

n,- 

45.3 

44.7 

0.6 

cn.- 

33.9 

34.0 

i.l 

H,- 

4.0 

4.S 

O.ft 

100.0 


100.0 
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the  Keight  of  the  cylindrical  part  of  the  pipette,  with  a  thin 
platinum  spiral. 

The  pipette  is  now  connected  with  a  Hempel  burette  containmg 
100  c.c.  of  oxygen  *  over  water,  a  low  prpwnire  is  produced  in  the 


*  The  oyxgcn  iimxI  for  L'xpc-riiiiDuis  in  saa  analyHiii  alioulJ  prefcralily  t>e 
prepnrwl  in  llie  lalmratorj-  hy  hoallng  pouiHsiiim  ctiloral«  in  n  small  reton, 
wbich  ia  prrpnind  by  blowing  a  buth  (of  about  2U  e.e.  capacity)  at  the  «id 
o(  A  iiHrrovr  piece  of  gU.^  tubing;  after  tatroduciDg  iilKiiit  &  gnu.  i>f  polasmum 
chlorate,  till.'  tubing  ib  Iviit  Ui  a  rinlit  nnglo  cIobo  to  the  bulb,  The  end  ot 
thu  lube  is  connected  wiih  a  short  piece  of  niblicr  lubinc  luv)  tbt  bulb  httitM 
over  a  free  flame.  \n  mood,  iih  oxyRpn  Ix^gins  L»  come  off  fnvly  (liitliLing 
a  glowlni;  splinter)  thn  nibb(>r  tubing  fmm  the  n>Utrt  is  tannoclH  with  a 
Dnliachmidt  absorption  pipette,  which  contAins  a  littto  cau»Lic  polaah 
Solution  util  is  filled  with  mercury  (cf.  hlg.  lOS,  j*.  743)-    The  oxy^eo  is  not 
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oxj-gen  burette  by  lowering  the  leveling  tube  and  then  donng 
the  rubber  tubing  with  a  screw-cock,  after  which  the  leveling 
tube  \&  plared  in  a  high  position.  The  bottom  ends  of  the  two 
needles  of  the  ptpett*  are  now  connected  with  the  wires  of  a 
small  storage  battery  of  auch  a  strength  that  the  platinum  spiral  is 
heated  to  dull  redness.  By  lowering  the  leveling  bulb,  a  sliyhtly 
lower  pressure  is  produced  in  tU«  pipett*,  aad  by  opening  the 


^ 


Fio.  130. 

two  upppr  flfrcw-cocka  between  the  pipette  and  the  ox>'gen  burette, 
and  gradually  opening  the  lower  screw-reck  on  the  burette,  a 
very  slow  stream  of  oxygen  is  conducted  into  the  pipette,  Since 
a  large  excess  of  the  gas  residue  is  present  at  the  start,  the  com- 
bustion takes  place  quietly;  exploMions  never  occur.     During  the 

introduced  at  onoo  into  tbe  pipette,  but  is  allowed  to  pus  throush  the  coek 
M  into  the  air.  Wxet  nhout  a  minuto,  ono  can  aniinu  that  thn  nir  from 
liit!  KtorL  and  nibU'r  tultinfi  \ma  \xcti  ratircly  n^plkced  by  o^gen.  Tbe 
levclinR  hiilb  K  o[  tti.<^  |>i|i(t<!  b  Icrwvrvil,  ih«  cock  •  open«xl,  and  Lfan  cock  M 
tumiJ  90°  tw  ihal  Uie  piiMUc  fiEls  wiih  oxjtrwi.  Whon  iho  fillinR  is  ii7Com> 
plLi>li«l,  M  in  cl<mc't  and  the  nnort  removed.  6y  shakini;  the  pipette,  any 
carl>on  dioxJde  formed  by  tbo  bumiag  of  dust,  etc.,  U  sbaorbod. 
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combustion  the  platinum  spiral  begins  to  glow  more  brightly; 
to  prevent  its  melting,  a  rcsistancf  *  must  be  placed  in  the  circuit 
hy  means  of  which  the  strength  of  current,  and  thus  the  glowing 
of  the  platinum,  may  be  regulated  as  desired. 

As  soon  as  all  the  oxygen  is  in  the  pipette,  the  spiral  is  allowed 
to  glow  two  or  three  minutes  longer,  the  electric  current  is  then 
stopped,  and  the  gas  allowed  to  remain  in  the  pipette  for  6fteen 
minutes  so  that  it  will  assume  the  room  temperature.  U  is  then 
transferred  to  a  Hempel  burette  and  its  volume  measured;  the 
carbon  dioxide  \a  deterDoined  m  the  usual  manner. 

To  illustrate  the  accuracy  of  this  technical  method,  the  follow- 
ing three  analyses  were  carried  out  iudependeutly  by  three  of  the 
author's  students. 


jUIA.LYaU   or  ZURICH   ILtOHINATlrfQ-<iA»   ON   JULT    U,  1909. 


I 

n 

m 

CO, 

2.0% 

2.2% 

1.9% 

c.u^ 

4.4 

4.4 

4.6 

Ok 

0.7 

O.S 

Q.A 

00 

0.2 

0.2 

0.3 

en. 

27.0 

28.2 

27.9 

H. 

49.8 

\^A 

49.3 

N, 

6.3 

6.1 

6.4 

100.0%         100-0%         100.0% 

Remark. — By  this  method  It  is  possible  to  bum  pure  acetylene 
without  any  explosion.  The  oxygen,  however,  must  not  be 
conducted,  as  above,  into  the  acetylene  because  in  that  case  the 
combustion  of  the  acetylene  will  be  incomplete  and  considerable 
carbon  will  deposit.  If  the  oxygen  is  first  placed  in  the  combustion 
pipette,  the  platinum  wire  brought  to  glowing,  and  then  the 
acetylene  introduced,  the  combustion  takes  place  nicely  without 
deposition  of  any  carbon. 

The  Winkler-Dennis  pipette*  is  open  to  the  objection  thai  the 
rubber  stopper  eventually  leaks;  for  this  reason  the  author 
prefers  the  form  of  apparatus  devised  by  his  assistant,  M.  Brctscb- 
ger,  as  shown  in  Fig.  J20, 


'  The  rnfliatan  c  mt'Ottonud  on  page  17fl  in  RuiLable  to  uiii^  Iwra. 


ORSAVS  j4PPARATUS. 


Instead  of  burning  the  gas  rej?idue  according  to  the  Winkler- 
DcnniB  method,  it  may  be  conducted  over  glcwing  ciipric  oxide* 

Orsat's  Apparatus. 
For  the  analysiB  of  flue  gases,  Oraat  haa  constructed  the  appa- 
ratus shown  in  Fig.  121.     It  coneistB  of  the  100  c.c.  meaauring-tube 


a.. 


Tta.  121. 

B  surrounded  by  a  cylinder  containing  water,  and  connected  on 
the  one  hand  with  three  Orsat  tulwii  by  means  of  the  cocks  /, 
//,  and  ///,  and  the  other  hand  with  the  outer  air  through  the 
(jtop-cock  h.  The  Oii*at  IuIk;  ///  containH  caustic  potash,  //  alka- 
line pyrogallol  solution,  and  /  amniutiiacal  cuprous  chloride 
solution. 
*jBccr,J.  ChLfibolcuclituiig,  1808,  704.  C.  v.  Kaorrc,  Chcm.  Ztg.,  1000,  717. 
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Jlfantptdo^wn. — By  raising  the  leveling-bottle  N  and  open- 
ing the  stop-cock  h,  the  measurlns -lube  B  is  fiUetl  with  water. 
As  soon  as  the  wat<?r  is  above  the  mark  in  tho.  wideneii  part  of 
the  measuring- lube,  the  rubber  tubing  between  the  levetliiig-boltle 
and  the  measuring-tuho  is  close<l  by  means  nf  a  pinch-cock,  a  is 
connected  with  the  source  of  the  gas,  and  the  gaa  is  sucked  into 
the  measuring-tube  by  lowering  the  levclling-batUe  and  opening 
the  pineh-cnck.  Tlio  IT  tube  on  the  outside  of  the  apparatus  is 
filled  with  glasft-wnol  and  serves  ah  a  fdler;  any  smoke  being 
removed  from  tho  gaa  to  Iio  examincil.  The  sample  thus  col- 
lected is  naturally  eontaminat(*(l  with  tho  air  from  the  rubber 
tubing,  the  U  tube,  and  the  rapillary,  which  must  be  removed.  Tho 
cock  h  Ber\'es  for  this  ]mrpose  and  is  proviiied  with  a  T  boring. 
The  cock  ia  turned  so  that  the  burette  communicates  with  tho 
outer  air  thntugh  a  »niall  tiiho  (not  Hhnwn  \\\  the  illui^iration)  and 
the  gas  is  expelled  by  rising  the  bottle  N.  This  process  of 
filling  and  emptying  is  repeated  thnre  tin.es,  and  the  fourth  filling 
of  the  tube  li  is  taken  for  tUo  analytjis.  The  gas  in  tho  burette  is 
bruuglit  to  tliL'  0  mark,  and  it  is  placed  uiuler  atjuoj^pheric  pres- 
sure by  quickly  upeuing  and  tlieu  closing  h.  After  this  the  gas 
is  driven  over  into  the  potash-bulb  and  back  again  to  the  n.eas- 
uring-tube  several  times,  until  there  is  no  further  ahsorjjtion,  after 
which  the  vohuue  of  the  gas  is  again  read.  In  the  same  way 
the  gas  is  successively  passed  into  the  pyrogallol  and  the  cuprous 
chloride  tubes,  thus  obtaining  tlio  amount  uf  CO,,  0,  and  CO  in 
tho  gaa. 

Bunte's  Apparatus. 

This  flpparatus.  shown  in  Fig.  122,  differs  from  those  previously 
descrihod,  inasmuch  as  tho  absorption  takes  place  in  tho  measuring 
vcHsel  itself,  whereas  in  the  other  cases  the  absurptiun  takes  place 
in  the  pipettes. 

The  Buntc  burette  has  a  capacity  of  about  110  to  115  c.c. 
between  a  and  b;  o  is  a  three-way  cock,  while  6  is  bored  only  once. 

Mani-pvl<ilion. — The  burette  ia  connected  with  the  levelling- 
botile  JV,  a&  shown  in  the  illustration,  a  and  6  are  opened,  and  tho 
water  is  aUowe<l  to  run  up  to  the  mark  in  the  fuimel  ab<jve  a. 
The  key  of  the  stop-cock  a  is  connected  with  the  sauree  of 
tho  gas,  N  is   lowered,  a    turned   to    the  proper   position,  and 
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tho  gas  33  suclced  into  the  burctte.  After  about  101  to 
103  c.c.  of  the  gas  have  entered  the  burette,  a  and  b  are 
closed,  N  is  raised,  and  by  opening  6  the  gas  in  the  burette  is 
compressed  until  the  cotifining  liquid  has  exactly  reached  the 
aero  niarlc.  The  oock  a  is  now  cautiously  opened,  when  some  of 
the  gas  in  the  burette  will  escape  thruufjh  the  water  in  the  funnel. 
The  gas  in  the  burette  is  nuw  under  a  prauurc  equal  to  tliat  of  the 
atmosphere  plus  the  pressure  fmm  the  column  of  water  in  the 
funnel,  and  all  subsequent  measurcmonia  are  taken  under  the 
same  conditions. 

Absorpliont. — In  order  to  introdure  the  different  absorbents 
into  the  burfttc,  its  lower  end  is  connected  by  mcflns  of  the  rub- 
ber tubing  h  with  the  bottle  F  eontaining  a  little  water,  the  water 
having  been  blown  up  into  the  rubber  tubing.  The  cock  6  la 
opened,  as  is  the  screw-cock  at  h,  and 
tho  water  in  the  burette  is  allowed  to 
run  out  until  it  exactly  reaches  the  cock 
h,  which  is  then  cluswJ.  The  alwdrbont 
is  placed  In  a  small  dish,  tlio  lower 
tip  of  the  burette  is  introduced  into  the 
liquid,  and  tlie  cock  b  is  opened.  Inas- 
much as  the  gas  in  the  burette  is  under 
less  than  atmospheric  pressure,  the  ab- 
sorbent is  sucked  up  into  tlie  burette. 
The  cock  h  is  now  closed,  the  burette 
grasped  aljove  a  and  below  6  {in  order 
not  to  warm  the  gas),  and  its  contents 
well  shaken,  after  which  the  burctt*  is 
again  dipped  into  the  absorbent  in  the 
dish  and  a  Httle  more  of  the  latter 
drawn  up  into  the  burette.  This  process 
ia  repeated  until  no  more  of  the  ab- 
sorbent is  sucked  \ip  into  the  burette. 
It  would  now  be  incorrect  to  read  the 
volume  of  the  unabsorbed  gas,  for  it 
is  under  quite  a  different  pressure  than 
at  the  beginning  of  the  analysis;  namely, 
the  atmospheric  pressure  less   the  pressure  of  the  column  o£ 
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liquid  remaining  in  the  burette  with  the  cock  6  open.  Further- 
more the  vapor  tension  of  the  liquid  in  the  burette  is  different 
from  that  of  the  water  oripimtly  present.  In  order  to  obtain 
the  original  conditiuna,  the  burette  Is  connected  with  the 
bottle  F,  which  now  only  contains  enough  water  to  fill  the 
rubber  tubing  and  tjie  glass  tube,  and  the  absorbent  in  sucked 
from  the  burette  into  the  bottle  until  the  upper  level  of  the 
liquid  reaches  the  cock  b.*  The  end  of  the  burette  is  then 
dipped  into  a  dish  containing  water,  which  rises  into  the  burette 
on  opening  b.  The  latter  is  cldKod  and  water  is  allowed  to  run 
into  the  burette  from  the  funnel  until  the  original  pressure  is 
established,  when  the  volume  of  the  gas  is  once  more  read.  The 
difference  gives  at  once  the  per  cent,  of  absorlxKl  gas. 

By  means  of  this  excellent  method  the  carbon  dioxide  can  be 
removed  by  caustic  potash,  heavy  hytirocarbons  by  bromine 
wat«r,  oxygen  by  alkaline  pyrogaliol  solution,  and  carbon 
monoxide  by  cuprous  chloride. 

Analysis  of  gases  which  are  Absorbed  considerably 

BY  WATER. 
Under  this  heading  belong 

N,0,  S0„  H^,  CI.  SiF^,  EF,  NH^  etc 


Nitrous  Oride,  N3O.     MoL  Wt.  44.02. 

Density  =  1.5297  t  CAir=l).    Weight  of  1  lit€r-=1.9766  gms. 
Molar   volume  =22.281.    Critical  tcni[>crature  = +36'' C. 
This  gas  is  best  prepared  according  to  the  melhud  of  Victor 
Meyer.t    by  allowing  sodium  nitrite  to  act  upon  a  concentrated 
solution  of  a  salt  of  bydroxylamine: 

XHaOH  HCl  +  N'aNOa=NaCI+2HaO  +  NjO. 

*ThD  ahsorbcnt  b  now  b>*  no  means  cxbnustod,  so  that  it  is  rcturoed 
to  the  proper  boltlf^,  and  can  be  uacd  forMveralotlier  detcrmiaaticnui 
t  Lord  R*yleigh,  Proc.  Hoy.  Soc.,  'A,  181  (1904). 
X  Ann.  Cheiu.  Pluirm.,  ]&7,  141. 
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It  is  best  to  pmcc(\l  as  foUovB: 

A  ooncenlraUil,  aiiuivuH  )ti)liitioii  cif  HMlium  nltrUe  )■  hlilwl 
drop  by  drop  fri)m  a  Heiwrnlnry  fiiiiiipl,  wiLli  ooimUini  •'iKtIliiKt 
to  a  t»)iic(Mit,ralC(l  siiliition  vt  liyitmxylamiiK'  liy<ln>flUorl(tti,  wliliih 
is  cuntainoil  in  a  smn.!!  fviilutiuii  fltink;  iii  i\i\a  way  (lio  f|u 
evulvExI  IK  pUD!  ami  cscapiiK  in  a  ro^lnr  ii(n>aiii.  It  Ik  nut  «ilvl»* 
a]jl(!  ti>  pnirocil  ill  the  (ipiKisiU;  wity.iianii'ly,  tt>  acM  tlir  Uydmxyl- 
ainiiio  nnhition  to  a  rnnrentmtod  nJtrittr  iH>hitiiii],  for  in  llio  Uttor 
case.  Llic  (li>(»)m]xisitioii  is  likely  L^i  lukc  pldc*)  wltlt  rxplimivti  vIih 
Icnpt^;  it  in  still  less  advtHahln  to  lulil  niii!  nf  tlii^  n<af(iml«  In  tlia 
solid  fonu.  In  a  vary  tliluttt  rntulitioii  i\M  noluliiiiui  NiuuvBly  ut 
u[X)n  one  another. 

Nitroufl  oxiJe  is  nrvrr  pun'  wlirii  it  i»  prcpantil  liy  liaallriK 
ammonium  nitrate;  it  is  alwayi  Dl)^tlu^lllal(^l  with  nilroKi'n  ami 
nitric  uxiiie,  but  tlic  Intu-r  may  Ijo  mrnovoil  tiy  wntlilim  Uw  km 
with  a  HuluttLtn  (jf  fcrmiin  xulplintc. 

According  to  L,  I'ulink  tlm  MilulitUty  of  nllntuii  oxidt  Uitwewi 
0"  and  22"  C.  la  expn-wnl  by  Uip  runiiiiU 

^-l.i:J7iO-0.1M22(W*/  +  0.(X>IW10C, 

while  accfinlintc  to  Diifucri  it«  iKilubilly  U  g'CBtnr,  Iwinjf  oipretHiii 
by  the  formula 

The  Ku  ia  alM'rtNuJ  tri  a  miMh  xnalvr  nlMJl  I')'  abv/lv/l  Ihaa 
bjr  iraler.  AtworillnK  b>  l*i>llakr  Ute  aljw/rptiun  •tMtftciwtt  f</r 
alcoln]  k 
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1.  According  to  Bunsen,  by  exploding  with  hydrogen,  or  accord- 
ing to  ICnorrc,  by  mcaiis  of  the  Drclischmidt  capillary.  The  con- 
traction produced  is  equid  to  the  original  volumis  of  the  nitrous 
oxide: 

N,0    +    II,     =    H,0    +     N,. 

2  vab.  3  vob.  0  voL  S  Tola. 

2.  Accnnling  to  PoUak,  by  combustion  with  pure  carbon 
monoxide,  cither  by  explosion  or  with  the  help  of  the  Drehschniidt 
capillary;  the  vnliime  of  the  COj  formed,  which  is  measured,  is 
equal  to  the  volume  of  the  nitrous  oxide: 

N,0    +    CO     =    CO,    +    N^ 

2  loU.  2  vnta.  a  vola.  1  volfc 

there  is  no  contraction  in  tlus  case. 

nitric  Oxide,  NO.    Mol.  Wt.  30.01. 

Density  =  1.0:160,*  (.\ir  =  l).     Weight  of  I  liter  =- 1 .3402  gms. 

Molar    volume  =22.39  1.    Critical  temperature  «  -  i)4*  C. 

Preparation  of  Pure  Nitric  Oxide. 

The  bent  way  to  prepare  pure  nitric  oxide  is  the  method  of  A. 
Devcntcr,!  in  which  a  solution  of  potassium  ferrocyanide  and 
potassium  or  sodium  nitrite  is  acidified  with  acetic  acid  and 
shaken: 


2K*FeCCN)a+2lQJ02+4HC2H302 


=4KC3H302+2K3Fe(CN)« 

+2H3O+2XO. 


According  to  Emicli  t  &  very  pur^>  gas  is  obtained  by  sliaking 
a  nitrate  with  concentrated  sulphuric  acid  in  a  nitrometer  con- 
taining mercur>-. 

•  Computt-d  from  oWtrvnlioos  of  Gray  (1905),  Guye  Rod  Davilu  (1900], 
tlterichte.  20.  My  (1893)- 
t  MtmatAheftfi,  13,  73  (1802). 
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Although  nitric  oxide  is  only  slightly  soluble  in  water,  ita 
determination  will  be  discussed  at  this  place  because  this  gas 
frequently  occura  with  nitrous  oxide,  and  must  therefore  be 
determined  at  the  eamo  time. 

Kitric  oxide  may  be  determined  by  absorption  with  a  con- 
centrated solution  of  ferrous  sulphate  or  an  acid  solution  of  potas- 
sium permanganate,  likewise,  according  to  E.  Divers,!  by  an  alka- 
line solution  of  sodium  sulphtl*  (-10  gms.  Xa-jSOa+'l  gras.  KOII 
in  200  c.c.  llsO)  with  the  formation  of  NaaN'aOaSOa.J  It  i& 
better,  however,  to  carry  out  a  combustion  by  the  method  of 
Knorre  and  Amdt,4  in  which  the  pas  is  mixed  with  hydrogen  and 
very  slowly  paewd  through  a  DrelimhmitH'»  platinum  capillaiy 
heated  to  bright  redness.  Under  these  conditions  the  nitric  oxide 
is  quantitatively  burned  according  to  the  equation. 


1 


2N0    +    2H, 

I  valfc  4  vol*. 


2H,0    +    N,. 

0  vol.  3  voUt 


The  contraction  pmdueeil  by  the  comhuMliim  of  one  volume 
of  nitric  oxide  is  equal,  therefore,  to  j  the  original  vulume  of  the  gas. 

Hemark. — If  the  gas  mixture  is  passed  too  quickly  through 
a  platinum  capillary  heated  to  bright  redness,  or  slowly  thruugh 
a  Irs^s  stnuigly  htated  platinum  capillary,  an  appreciable  amount 
uf  ammonia  is  formed  and  the  results  obtained  are  inaccurate. 

By  exphision  ftith  hydmgen  it  ia  not  possible  to  bum  NO 

•  L.  wTw'mklor,  Berichl*.  34,  UH  (1901). 

t  Jourti,  Scicnw-roll   Imp,  I'riiv».r(,ity;Trtkin,  Vol.  XI  (1893>.  p.  11. 

}  Nitric  oxido  is  only  partinlly  nlwitirUfd  by  an  alkaline  solution  of  pyro- 
gallnl.  when  nlkuli  uiirlte,  X,Oj  and  N,  are  formed.  (C.  Uppenheini,  Burichta, 
M,  1741  (IIJOIIJ. 

{  Derichto.  21  (ISSO),  p.  213S. 
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when  it  is  pure;  when  it  is  mixed  with  consiiEcrable  nitrous  oxide, 
violent  explosiuiw  lake  place,  yet  the  combustion  of  tlio  NO  ia 
even  then  not  quantitative. 

The  gas  may  be  determined,  however,  by  combustion  with 
carbon  monoxide  in  the  Drehschnudt  capillary. 

According  to  Henry  a  mixture  of  carbon  monoxide  and  nitric 
oxide  18  not  explosive.  On  the  other  hand,  according  to  Follak, 
by  conducting  a  mixture  of  these  gases  through  a  Drehsclimidt 
platinum  capillary  huutvd  to  bright  redness,  the  combustion  ia 
quantitative  if  at  the  same  time  the  carbon  dioxido  formed  is 
removed  by  moans  of  caustic  potash;  *  otherwise  the  oxidation 
is  not  quantitative.     According  to  the  equation 

2NO+2CO  =  2COa+N2 

4  VoU.      4  nils.         0  vul.         2  vol). 

the  contraction  produced  ia  equal  to  |  the  vohirae  of  the  nitric 
oxide. 

Remark. — If  considerable  nitrous  oxide  is  present  at  the  same 
ttmoj  the  combustion  in  the  Drehschmidt  capillarj*  takes  place 
quantitatively  without  the  removal  of  the  carbon  dioxide.  In 
this  case  the  contraction  is  ^  the  volume  of  the  nitric  oxide. 

Aiialy»s  of  a  Mixture  of  Nitrous  and  Nitric  Oxides. 
I.  Combustion  with  Hydrogen. 

TTie  gas  is  mixed  with  an  excess  of  hydrogen  and  oxidized 
according  to  Knorre  in  the  Drehschmidt  platinmn  capillary  heated 
to  bright  redness.  If  the  volume  of  the  N2O  =  x  and  that  of  the 
NO=y,  wc  have: 

N3O.    NO. 

1.  x-\-y  =  V 

2.  i-|-y=  3  V(  (contraction) 

from  which  can  be  calculated: 

r=3V-2V. 

y  =  2(n-K). 

•  The  mercury  in  ih*  DrRhachmMt  tube  is  oovired  with  caustic  potash 
■olutioo,  by  wbicb  meftaa  the  C0|  in  &l>5orbe<l  iaimcdiutvly  aflcr  iU  fommtioQ. 
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n.  Combuittum  wiik  Carbon  Monoxide. 

The  gM  mixture  is  treated  with  an  excess  of  carbon  monoxide 
and  burned  in  the  red-hot  platinum  capillary;  the  contraction, 
V4,  and  the  carbon  monoxide,  Vk,  are  both  detennined; 

N,0.    NO. 

from  which  we  can  compute: 

y-2V^ 


Cetennlnadon  of  Nitrous  Oxide,  ITitric  Oz!de,  and  Nitrogen  Id 
the  Presence  of  One  Another. 

I.  By  Combustion  wUJi  Hydrogen  in  a  Drrhaefimidt  CapiUary. 

After  noting  the  contraction  fonned  by  the  combustion  with 
hydrogen,  an  excess  of  oxygen  is  added  to  the  gas  rcsiihic  and  th^ 
mixture  ia  burned  in  the  Drehschmidt  capillar>';  two-tliirdH  of  the 
ConlracUoQ  which  now  takes  place  is  equal  to  the  amount  of  unused 
hydrogen  in  the  first  oxidation.  If  thia  quantity  is  tievlucted 
from  tlio  amount  of  hydrogen  originally  added,  the  difference,  Y^ 
represents  the  amount  of  hydrogen  necessary. 

We  have  now: 

N,0.    NO.     N. 

1.  «+    y  +  r-r 

2.  I  +  |y  -  V, 

3.  *  +    y  -  V» 


bom  which  we  can  compute 


Determination  of  Nitrous  Oxide,  Nitric  Oxide,  and   Nitrogen  In 
the  Presence  of  Carbon  Dioxide. 

The  accurate  detemiuation  of  nitrous  oxide  in  tJie  presence 
of  carbon  dioxiUe  offers  certain  difTicultteg.  It  is  not  potssiUe 
to  determine  the  former  by  conibustiou  with  hydrogen  in  the 
Drehscbmidt  capillary,  because  when  the  carbon  dioxide  is  present 
it  takcfi  put  to  some  extent  in  the  combustion, 

CO,+H,-H,0+CO, 

and  the  previous  absorption  of  tho  carbon  dioxide  by  means  of  a 
large  quantity  of  caustic  potash  is  equally  unsatisfactory,  because 
a  considerable  amount  of  nitrous  oxide  will  be  absorbed  by  the 
reagent.  The  only  way  wliich  can  be  recommcn<led  tv  effect 
tliis  determination  consists  in  absorbing  tlic  carbon  dioxide  by 
means  of  the  smallest  possible  quantity  of  caustic  potash,  in  which 
case  tlie  error  intrv^duced  by  the  absorption  of  the  nitrous  oxide 
is  reduced  to  a  minimum;  the  residual  gas  is  examined  as  dcscrilwd 
above. 

Nitrogen,  Mol.  Wt.  28.02. 

Density  =  0.9673  CAir=i).    Weight  of    1    Iiter-1.2505   gms. 

Molar  volume  22.41  litera.      Critical  temperature —  — 149' C. 

Pure  nitrogen  ia  best  prepared  by  heating  a  concentrated 
solution  of  potasaium  nitrate  and  ammonium  chloride,  preaent 
in  amounts  proportional  to  their  molecular  wci^ts,  and  then 
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conductiTig  the  escAping  gas  over  glowing  cop[)er  to  reduce  traces 
of  nitric  oxide. 

Nitrogen  \s  but  slightly  soluble  in  water.    According  to  Lh 
Winkler,* 

ABSOBPTION   CDBrriClBHTB   QW   KITSOOCN    roR   WATBR. 
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Nitrogen  oannot  be  flctpmiincd  by  any  of  the  ordinary  nicfhodn 
of  gaa  analy^ifl.  U  is  alwnyx  cHlimaUKi  by  detonnitiing  all  the 
other  constituents  present  in  a  mixture  nnd  sublratting  the  aum 
of  the  percentagM  foun<l  from  100. 

Technical  preparationa  of  nitrogen,  prepare«l  from  liie  ajr, 
always  consist  of  nitrogen  and  email  amounts  of  ranT  plem^ntn. 
According  to  Covendiah  these  latter  may  be  obtained  by  adding 
oxygen  and  allowing  a  strong  electric  spark  to  paan  through 
the  mixture.  In  this  way  the  nitrogen  is  completely  oxidized  to 
nitric  acid,  which  can  be  removed  by  mcana  of  cauAtic  potash 
Bolution.  Then,  by  absorbing  out  the  oxygen,  the  ran?r  ganes  are 
obtained.  A  atill  better  process  is  that  of  Hempel,  in  which  the 
nitrogen  is  absorbed  by  passing  the  gas  over  a  glowing  mixluro 
of  I  gm.  magnesium,  5  gm.  freahly  burnt  lime,  and  0.25  ^(ms. 
sodium.    The  rare  gases  are  not  absorbed  by  this  treatment. 

According  to  Bunsco,  there  is  no  combustion  of  nitrogen 
when  detonating  gas  explodes  in  the  presence  of  air,  provide<l  net 
more  than  30  voliim«-s  of  combustible  gas  are  present  for  earh  100 
volumes  of  non-com biwtiblc  gas.  There  is  no  oxidation  n(  nitrogen 
during  a  combuHtion  of  a  gas  mixture  which  is  pasM^d  through  a 
Drehschmidt  platinum  capillary. 


•  ^mchto,  «.  3009  (IMI). 
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Analysis  of  Gases  by  Titration  of  the  Absorbed   Constiiuent& 

If  a  mixture  of  gases  contains  several  constituents,  of  which 
two  nre  removed  by  the  same  ahsorbent,  and  one  of  these  can 
be  deterniined  by  titration,  it  ia  a  matter  of  no  difficulty  to 
dctermino  the  amount  of  each.  The  diminution  in  volume  after 
treatment  with  the  absorbent  repreHenta  the  amount  of  the  two 
conetitucnts,  the  titration  value  rL-prescnts  the  amount  of  one  of 
them,  and  the  differcnee  shows  the  amount  of  the  other.  Suck 
problemH  can  be  solved  in  a.  variety  of  ways,  and  only  \  faw 
exampka  wtU  be  mcnlioacd. 


Chlorine,  01.     M<i].   Wt.- 70.92. 


Dcnaity  =2.488  (Air  =  l).* 
Molar  volume  =  22.049  liters. 


Weight  of  I  liter  =-3.2164  gms. 
Critifsl  teiiiiierature  =  +  146°  C. 


Determination  of  Carbon  Dioxide  in  Electrolytic  Chlorine.t 

The  author  has  usod  the  apparatus  shown  in  Fig.  123  with  the 
boat  Bucpess  For  thin  purpose. 

The  absohitcly  tlry  oudioniPter,  ii,  the  capacity  of  which 
between  Iho  two  stop-cocks  is  acpurat(4y  known,  and  for  con- 
venience may  be  KM)  c.c,  is  fiUcd  through  the  lowpr  cock, 
after  the  gas  has  bwn  dried  hy  pas-sing  it  through  a  long 
calcium  chloride  tube.t  After  five  or  ten  minutes  it  is  safe 
to  assume  that  the  air  hoa  been  completely  rcplawd  by  llio 
gas.  The  lower  throe-way  eoek  is  now  cloned  and  Ihi'n  the 
upper  one.  The  temperature  and  barometric  ]ireB8ure  are 
both  noU'd  at  this  point. 

The  tip  of  the  burette  is  connected  by  rubber  tubing  with 
tho  reservoir  N,  the  three-way  cock  is  turned  so  that  the 
reservoir  nommunicatea  with  the  outer  air,  and  then  the  lower 

•  LwJuc.  Compt.  rand,.  116.  UGH  (ISU3)  and  Treadwell  and  Christie,  Z 
iingcw.  rhnm.,  47,  44B  (1005). 

t  Tnt&dwcU  And  Christie,  Z.  angtrw.  Chcm.,  4?,  lO-W  (1005). 

}  If  tlie  buntltc  and  ^\a  Are  not  pcrfei«t1y  dry.  sotnc  chlorine  will  be 
sligorlH'd  by  the  waltir.  Thi^  will  not  afl«cl  tlie  gaa  reading,  but  will  b« 
livmful  iu  the  subsequent  Litradua. 
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tip  of  the  burette  and  the  stop-cock  are  thoroughly  washed, 
after  which  Ihe  latter  is  eloscil.  A  solution  of  potaRsiura 
anienitc  ]&  prepared  by  dissolving  4.i)5  gms. 
AS2O3  in  dilute  potassium  hydroxide,  adding 
dilute  sulphuric  acid  until  tlio  i^olution  is  ripu- 
trul  to  plicnolphthalciii  and  LliuiL  dilnting  to 
1  liter.*  100  c.c.  of  this  solution  arc  placed  in 
N  and  any  air  in  the  mbber  tubing  is  cxpcllad 
by  pinching  it  with  the  thumb  and  finger, 
liy  raising  A'  and  opening  the  stop-cork,  a 
little  of  the  araenitc  solution  ia  made  to  flow 
into  the  burette,  which  is  inclined  from  Btdo 
to  Bide  in  such  a  way  that  the  wall»  itre 
thoroughly  wet  with  the  arttenltfl  solution. 
The  chloripe  is  slowly  absorbed,  as  is  evident 
from  the  fact  that  tho  sohition  slowly  riHCS 
in  the  burette.  As  soon  as  there  is  no 
further  absorption,  tho  lower  stop-fock  is 
closed  and  the  solution  in  the  burette  ifl 
made  to  flow  bark  and  forth  in  the  burette 
(Hiveral  times,  by  inverting  the  burette  and 
then  turning  it  back  ngain.  After  one  or 
two  minutes  all  of  the  chlorine  will  have 
Then  in  order  to  absorb  all  the  carbon  dioxide 
present,  the  tube  iV  is  lowered,  10  c.c.  of  [jotassium  hydroxide 
solution  (1:1)  are  poured  in  the  funnel,  and  carefully  made 
to  flow  into  the  biimtlc.  The  stop-cofk  Is  again  close<l  and  the 
alkali  solution  poiired  hack  and  forth  in  the  burette. 

Afl^r  the  liquid  in  the  bun^tte  and  tn  tho  leveling  tube  has  been 
brought  to  the  Sftmc  height.,  the  reading  it?  taken.  The  unjibsorlxKl 
gas  re.tiduc  on  being  deducted  from  the  original  vohime  of  the  gaa 
given  (be  vylume  of  the  chlorine  ])1u.h  thiit  of  the  carbon  dioxide. 
For  tin*  deterniiaation  of  the  chlorine,  the  contents  of  thcburttto 
leveling  tube,  N,  are  emptied  into  a  large  EHcnmcyer  flask  and 
the  stop-cock  is  turned  to  the  position  shown  in  the  drawing,  so 


Fiu.  12a. 
been  absorbed. 


*  An   onliii4iry   solution  of  antcnitc  prepaied  with  sodium   bit 
caooot  bo  used  hero. 
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that  the  liquid  in  the  rubber  tubing  can  flow  out.  The  tubing  is 
then  removed  from  the  burette  and  washed  out  with  distilled 
wat-er  which  is  also  allowed  to  run  into  ,V.  The  contents  of  the 
burette  arc  added  and  the  burette  ilseU  ia  riui^ed  with  distilled 
water. 

The  contents  of  the  Erlenmeyer  flask  are  treated  with  two 
drops  of  pheQoIphthaleia  solution  and  then  with  hydrochloric  acid 
until  the  red  color  just  disappears,  60  c.c.of  sodium  bicarbonate  solu- 
tion arc  added  (35  gms.  in  1000  c.c.  water),  a  Utile  starch  solution, 

.     X  .     . 
and  the  cxce&sof  the  aracnious  acid  Is  titrated  with  ^  iodine  solu- 
tion. 

It  will  be  assumed  that  n  c.c.  are  used  in  the  titration.  The 
ratio  of  the  arsenite  solution  to  the  iodine  is  then  established 
in  the  same  way  aa  in  the  above  titration.  IfK)  c.c.  of  arsenite 
solution  arc  placed  in  an  Erlenmeyer  Jla,sk,  10  c.c.  of  cauatic-potash 
solution  (1:2)  are  addecl,  two  drops  of  pheuolphthaUiii,  hydro- 
chloric acid  to  decolorizatioii,  and  then  00  c.c.  of  sodium  bicar- 
bonate solution.  The  solution  is  then  diluted  to  the  same 
volume  as  that  of  the  original  experiment  and  titrated  witli 
tenth-normal  iodine.  Hereby  n'  c.c.  arc  required.  The  ilifference 
Ti'  — Ji  multiplied  by  1.102  *  gives  the  number  of  cubic  pentimetors 
of  chlorine  gas  at  0**  C.  and  7G0  mm.  pressure.     In  other  words, 

7'o=Cn'-n)X  1.102. 

As,  however,  the  original  ga.-*  was  measured  at  the  tempcratwre 
I*  C.  and  under  the  pressure  H  mm.,  it  follows  according  to  page 
666,  that  rB-21Z 

^ '^    760- (273-1-0' 

*  Thin  number  in  derived  from  ihs  observ&tioD  thjit  the  density  of  chlorino 
U  2.48«  at  20**,  70.5)2 

0.001233X2,488 ""  ^^'*''*'*- 

Therefore,  35.46  fiins.  of  clilorine  at  0°  and  TfiO  mm.  occupy  a  voliirae 
of  11,020  C.C.  la  the  paper  just  cit«l,  the  vnlm?  2"»,03!>,2  c.c.  U  Inkva  for 
the  molecular  vulurae  of  ihe  chlorine  nod  0.001293  for  the  density  of  air. 

In  the  ana1>'H»!  of  pisnt  rich  in  ciilorine,  curruct  valuus  are  ohtAtuvd  by 
usinf^  ll)c  ol-iflrr\-fvl  Tnoltxular  volume  of  chlorine,  which  U  22.049  liters,  and 
according  to  the  cxptriniciitji  of  N.  Buavold  in  the  aiithor'rt  Iftborntnry,  correct 
nwulu  »re  iiUo  obtained  with  thi«  value  in  the  analysis  of  gaac«  containing 
little  ohloriiMi. 
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from  which  can  be  ccunputed 

y,     n- 700(273-1-0 

If  V  ia  the  original  volume  of  the  gas  u-sed  and  R  that  of 
the  resiiJual  gas  in  the  burette,  then 

Cl2+C03+Rfsi(lue-»' 
Residue  =  ^ 


CIa+COa=r-B 
-Cla^Fi 


and  in  per  cent. 


co2=r-(fl-i-r) 

[r-(/?+r')l-ioo 


=per  cent.  CO2. 


Rrmnrk. — In  the  first  fidition  of  this  book  the  mixture  of 
chlorino  and  rarbon  dioxitio  wna  absorbt-il  by  means  of  5  per 
cent,  caustic  soda  solution  and  the  solution  titrated  with  flrBenious 
acid. 

This  method  is  not  ontirdy  corrert,  however,  because  it  is 
baaed  upon  the  n.'<.'iumption  that  the  chlorine  Js  absorbed  by  the 
alkali  in  accordance  with  tho  equation, 

2NaOH+a,-Naa  +  NaaO  +  nA 
whorpaa  in  reality  there  is  alwaj's  some  chlorate  formed    and 
CBcappR  the  titration.*    Offcrhaus.t  ihcrcfore,  UBca  two  burettes 

*  The  (MTor  hen  in  practically  canatant  and  ameunUi  U>  0.77  per  cent, 
cfaloriae.  Thn  work  cun  lie  CNrrlnl  nut  ncconJinjt  to  Ihe  orifcuifil  mrthod, 
■ddiog,  for  the  Bake  of  nccunu-y,  0.7  per  c«nt.  to  tli«  vahie  of  chlohno  found, 
C(.  O.  Stcinvr.  loc.  cit.,  iuid  Trvadwtrll  luid  Christie,  loe  cit. 

If  tliG  WE^iKht  of  chturinc  (<nu.l  by  litration  ia  used  in  eunneotioQ  with  the 
Cbeorviiml  moIocuUir  vnlume.  a  cnnsiilrralile  orrnr  will  1*  intnxliic*^  fnr,  in 
spite  of  ibo  (urmalioQ  of  chlorat^r,  about  O.'J  per  cent,  too  inuch  chlorine  will 
be  found  in  fWlrolytic  chlnmifi. 

t  C'l.  Winkler  (Industricgjuc  II,  ^IS)  and  Offorbaus  (Z.  angew.  Cbem., 
IBOS,  1033),  aUo  Lunge-Uerl.  Chem.  t«clia.  UntcniucliuiiKBiutitliodea,  eth 
•dittoD.  Vol.  I,  p.  &Hi.  and  O.  Stetiur,  Z.  Elektrocbomio,  IS04,  327. 
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for  the  determination,  absorbing  the  chlorine  an<1  rfiThon  dioxide 
in  one  by  means  of  raustk'-poi.aah  solution,  and  ahst>rbing  the 
chlorine  in  another  sample  of  gas  by  means  of  potiw-sium  iodide 
and  the  titrating  witli  icnth-normal  thioanlphare  solution. 

This  is,  however,  an  unnecessary  t-omplication,  for  besides 
requiring  an  ad^iitionul  burette  it  involves  tho  use  of  more  of  the 
cxpenBive  potassium  iodide.  It  is  possibUv  however,  to  carry 
out  ihe  analytniH  in  one  burette  by  absorbing  first  the  chlorine 
with  10  per  cent,  potassium-iodide  solution,  and  then  intro 
ducing  caustic  potash  solution  from  tho  top  of  the  burette. 
Hereby  tho  carbon  dioxide  is  absorbed  and  the  iodine  is  trans- 
formed into  iodide  and  iodate  C*-^^  solution  becomes  nearly 
colorless) : 

3I,+6KOH  =5K1+  KK),+3H,C. 

In  order  to  determine  the  amount  of  iodine  originally  aet 
free,  the  contents  of  the  burette  are  allowed  to  flow  into  a 
potassium  iodide  solution  which  is  acid  with  hydrochloric  acid: 

.'Kl4-KIO,  +  6Ha=6KCl+3H,0+3I„ 
and  the  lilH-rated  itHlino    is  titrated  with  tenth-normal  sodium 
thioeulphate  solution. 

Tlie  method  has  no  advantage  over  that  described  above  and 
is  not  quite  as  accurate. 

Recently  Schloetter  has  describetl  annther  method  for  the 
examination  of  electrolytic  chlorine  gas.  Tlie  elilorine  isabsorbed 
by  means  of  hydrazine  sidphate,  whereby  two  volumes  of  chlorine 
set  free  one  volume  of  nitrogen.  The  carbon  dioxide  is  then 
absorbed  by  means  uf  caustic  soda  solution. 

P.  Kerchland*  determines  the  chlorine  by  absorption  with 
mcrcurj'  in  tlie  residual  gas  after  the  CO,  has  been  absorbed  with 
caustic  potash.  Tliis  last  mctlxHl,  according  to  the  experiments 
of  Bu8vold,t  gives goml  results;  itiatobcrecommendixl  especially 
for  the  analysis  of  ctilnrino  gas  from  the  Deanon  process. 

Ezaminaiion  of  \he  (/nabaorbril  iJius  Residue. — Usually  the 
residual  gas  is  too  small  in  amount  (as  in  the  above  case)  to 

*  Z.  Elektrothem.,  IS,  IM.  ~" 

t  Inftug.  Di»crt.  Zurich,  1009,  also  P.  PhilcMophoff.  Chem.  Zts-,  1007. 950. 
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examine  quantit&tivdy,  so  that  for  tixia  part  of  tlic  analysis  a 
larger  samplo  of  thn  gns  in  taken.  The  author  has  usrd  the 
apparatus  shown  in  Fig.  124  for  this  purpose  with  good  results 


Fia.  124. 

The  thick-walled  filter-bottle  A  han  a  capacity  of  about  1.5  litere. 
It  contains  aUnut  51X1  c.c.  of  strong  caustic  pota-sh  solution  and 
tlio  absorption- tube  with  stop-cock  //  Is  fastened  air-tight  within  it. 
Manipulatum. — First  of  all,  the  ab8ort>tion-liibe  Li  entirely 
filled  with  the  caustic  potash  solution  by  suction  through  //,  finally 
closing  the  latter.  Tlio  patent  cnck  is  then  turned  to  the  poaitioa 
II,  and  by  suction  through  the  left  side-arm,  the  glass  tube 
is  filled  with  the  alkali  up  ti)  the  cock.  The  latter  is  then  turned 
to  the  position  /,  the  left  side-ami  is  connected,  by  means  of  a 

•  Thia  apimrftttin  ItiM  boen  iwod  often  hy  the  niitJior  in  the  study  of  elec- 
trolytic chlonno  gait  oiid  w.ts  tlt^iWrilM^')  in  Hip  firxl  cililiuti  of  thui  iRKt-buuk. 
Since  then  a  Blmilxr  H|i|iaraLuit  lias  been  rDCanuneuded  by  TLjole  luid  L)«cker^ 
2.  angcw.  Cbom.,  30,  437  tI1W7). 
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ftliort  piece  of  rubber  tubing  and  a  long  piece  of  glass  tubing,  wttU 
the  goui'cc  of  the  gas  and  several  liters  of  gas  are  drawn  through 
this  tube  by  connecting  the  right  side-arm  with  an  aspirator. 
As  soon  as  it  is  safe  to  assume  that  all  of  tbe  air  has  been  driveo 
out  from  the  tubing,  the  cock  is  turned  to  the  {lasiliiiii  //,  the 
aspirator  is  connected  at  a  with  the  Oask  A  in  wtiich  a  slight  vacuum 
is  produced,  whereby  the  gas  begins  to  collect  in  the  absorption* 
tube.  ClUorine  and  parbuii  dioxide  are  (timpletely  alisorbed, 
while  the  residual  gas  collects  in  the  upper  part  of  the  absorption- 
tube.  The  gas  is  allowed  to  enter  the  tube  until  from  50  to  70 
c.c.  of  the  gas  residue  are  obtaiinxl;  the  cock  /  is  then  closed, 
the  asjiirator  removed,  and  the  gas  driven  over  into  a  Uempel'a 
gas-burotto  and  analyzed  according  to  the  methods  already  do- 
scribed. 

00.9  e.c.  of  the  gas  residue  from  the  above-mentioned  eloo- 
trolytioally  prepared  chlorine  *  gave: 

Oxygen  =40.7 1  (  O,  -  6G.9 

Carbon  nionoxide=  2.0  r  and  in  per  cent,  t  00=     4.3 
Nitrogen  -17.0  J  Ln    =  2S.8 

eo.9  100.0 

At  the  carbon  electrode  (the  anode)  not  only  chlorine  but  also 
a  small  amount  of  oxygen  ia  liberated.  Tlie  Inttcr  attacks  the 
carbon  of  the  electrode,  forming  carbon  monoxide,  the  greater 
part  of  which  in  turn  combines  with  the  chlorine,  forming  phosgene 
gas,  COClj,  but  the  latter  is  decomposed  by  water  with  the  forma- 
tion of  CO,  and  HCl: 

C0a,+H,0-C0j+2HCl. 

This  accounts  for  the  presence  of  the  CO,  and  CO  in  clilorine  which 
has  been  prepared  electrolytically. 

Hydrochloric  Acid  IICl.    Mol.  Wt.  30.47. 

Density -1.2GS0   (Air-l).t  Weight  of  one  liter- 1.6400  gma. 
Molar  volume -22.24 liters.    Critical  temperaturB-  +  52*  C. 
Hydrochloric  acid  is  determined  in  gas  mixtures  by  absorbing 
with  standardized  alkali. 

•  Cooiiiiitmg  of  iW,0  per  «ent.  CI,  and  0.6  per  «eul.  CO,. 

t  Lisdun,  Cumpt.  rend.,  12»,  571  (l'^^)'  round  the  duniity  of  hydregBo  to 
be  LSCO".!  luid  Ruevold,  Imuig.  DtMsttrt.  Zurich,  lUlO,  flbuiood  tlw  value 
1.26S0.    Tlie  above  figure  in  the  nn^m  of  those  two  deWrminatioiu. 


wdoBK^m^  Ham.    Cti^KNkl  W: 

V 

•fan  aBpintor  UbKMi£h  a  lutrtuuivU  wwauwfc  k'S  tq  fs\'Mm  «iWv  ^ 

colored  blue  «tth  ytiuvtt,  uutil  \h»  W\\vx  n    !  <4.     V^^ 

UDOont  of  tbc  yauf  w  vs^imX  W  Itt*.*  v|UN^^t>  ^>i  '"  li  (tit* 

Sowed  from  thv  M|>irwU4'  >  ihv  V\»l\tuit)  i^  Oiv  u  - 

\ 
For  example^  10  0.0,  ti(  '     ititUuM  mluUmi  IftVW  »l*iHtlMn»V\l 

liter  r  0.0.  of  Wtttor  hml  tldwuil  frtuu  ittu  Mtilr^tlvift  M^D  )MHt  WtH| 
ftt  f*C.  Ami  700  iniii,  )>iVMUtu  Hiiinti  m  Mm  (tli«H|iVltlM  m(  MiH 
SOf  by  tho  ii^Uijtu  (liu  lulluwiiin  iDMMlitui  \v>kv»  ^IhhMi 

00,  + 11,0  1  U'^UMIIHO^, 

it  18  cvt<knt  llml  llio  niiiitiint  ut  HiU  H^mttUtifl,  KiNMHfl"'  'll/  1^^ 
0°  and  7(10  mrri.  i^ittMurUj  will  Mo  IO<l'A  <•'  v  ,  lur  I  «>|i  jj.  |wf|/fN 
■olutkm  c/rrrarf H/tMl«  Id  f  rw4  c  p-  N/)|. 

It  fuUf/w*,  f|j«»,  Miftt  l\m  vtrhm  fit  «#«  >#iv;/«  hf  Mw  iN/vJ/Wf 
equals 


.  i  ^iif4.t4i¥i^mt^§i»m^9tiffihi^- 
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>'  itUmX.  . 
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of  the  hydrogen  Bulphide  in  gas  mixtiirrs  (twe  below)  and  in  the 
dntprminatiim  of  carbonic  acid  in  the  atmosphere  by  the  method 
of  Pcttcnkofcr  (cf.  p.  593). 

Hydrogen  Sulphide,  HjS;  Mot.  Wt.  =34.09. 
Density  =  I.1S!>5  (Air  =  l).*     Weight  of  one  liter  =  1.5378  gma. 
Molar  volumc=22.16  liters.     Critical  K'mpfiraturc=  100*  C. 

Determination  of  Hydrogen  Sulphide  in  Gas  Mixtures. 

Hydrogen  sulphide,  when  present  in  the  gasea  escaping  from 
mineral  springs,  ia  eatimated  as  follows: 

A  largo  funnel,  of  from  2  to  3  htcrs  capacity,  is  lowered  into 
the  spring  and  held  in  place  by  means  of  a  wooden  frame  B 
weighted  with  stones,  a  (Fig.  125).     The  rubber  tubing  d  ia 


removed  from  the  flcisk  a,  the  stop-cock  h  ia  opened,  and  the 
funnel  T  js  filled,  by  mean^  of  suction,  with  water  up  to  the 
stopper,  and  then  h  ia  clotted.  As  soon  an  the  water  in  the  funnel 
has  been  replaced  by  the  ascending  bubbh^s  of  gas,  the  flask  a 
is  connected  on  the  one  sii-le  with  the  stop-cock  tube  A  and  on 
the  other  side  directly  with  the  aspirator  .4.  by  mcaus  of  a  long 
rubber  tubing.  Suction  'n  then  started  by  opening  H  aad  is 
•  Leduc.  romoi.  rciid..  12.1.  571  (1807). 
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continued  with  A  open  until  the  wftter  in  tike  funnd  T  Ag»ia 
raachca  the  stopper,  when  h  ia  closcul.  The  fimnrl  is  aUowed 
to  fill  with  gas  again,  and  this  is  eventually  rcmored  throng  « 
by  meana  of  suction.  This  operation  is  repeated  twite  joon. 
In  this  way  the  neck  of  the  funnel,  the  glaas  tube  &,  tbe  rubber 
tubing  d,  and  the  flaHk  a,  all  have  the  air  origiDaUy  prcaait  is 
them  replaced  by  gas  from  the  spring;  a  few  drops  of  water 
are  carried  along  mechanically  into  a.  Ten  c.e.  of  hundredth- 
normal  iodine  solution  are. then  introdocsd  mto  the  tottelb 
tube  b  and  10  ex.  of  hundredth-normal  thioadphat*  aolntioo  an 
placed  in  the  tube  e.  The  flask  a  u  now  quickly  connected  with 
b  by  mean^  of  a  short  piece  of  mbber  tttfamg  /,  aad  e  ■  oon- 
nected  with  the  a^irator  A  by  meana  of  a  longer  pieee  of  ttdiiBg. 
Meanwhile  the  funnel  T  is  ftgatn  Siting  with  gai.  A  imawiiiin, 
cylinder  C  is  pinced  under  the  outlet  ttdie  of  the  bottle  .4,  H  is 
opened,  anil  then  the  st«p-coek  k  »  eastiourfy  tmaed.  The  pw 
is  allowed  to  bubble  slowly  throng  b  ontfl  the  iodme  solutioa 
beeones  tight  yellow,  but  U  not  deeoloriaed.  H  ii  now  doaad 
and  after  about  two  minutes  h  also.  Tbecoatcntaaf  carepovred 
into  bt  Mardi  ia  addtd,  tod  the  cxeeoa  of  the  *lii'  nfi'iMT-  ii 
titrated  with  hundriMlth-normal  iorline  solution  (cf.  pa^  630). 
fhe  number  of  cubic  cc'ntttnetrrs,  n,  of  iodioc  ivqaiivd  for  the 
atration,  itprcatola  the  amount  of  iodine  which  reacted  origin* 
lily  with  the  bydrogm  sulphide.  The  poaitaoa  of  the  water  in 
the  graduate  U  DOted  (V  c.c),  the  tempcfalom  of  the  nam 
P,  and  the  baromrter  reading  B;  w  is  the  IcAaioo  of  aqueova 
vapor  at  the  temperature  r*. 

In  computing  the  amount  of  b3rdro|pe&  aolphide  in  tha  gmm 
caeafMng  from  the  spring,  it  is  to  be  remembervd  that  the  Tofone 
of  gaa  which  is  taken  tor  the  analysis  is  equal  to  the  amoaat  of 
water  which  has  flownl  into  c  plus  the  rohmie  of  hydrogcst 
sulphide  which  has  been  afaaorbed  by  the  iodine  in  6  during  the 
experiment.  Inasmuch,  hmrrw,  as  the  amoont  of  the  latter 
ii  snail  in  comparison  with  the  total  amount  of  cm  taken  for 
aaalyw,  it  may  be  ns^Mied  hne.  Furtfaemore,  it  is  actme 
aaiy  to  call  attentioo  lo  the  fact  that  the  volame  of  gaa  escaping 
from  the  «priB|r  is  at  a  diflennt  leraperatan  Uiaa  that  of  the 
aDalyaa;  aU  the  volumes,  theteCore,  Aould  be  reduced  to  corn- 
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spond  to  the  temperature  at  the  spring.  The  amount  of  hydrogen 
sulphide  present  per  Iller  in  the  spring  gases  at  the  temperature 
(°  and  the  barometric  pressure  B  is 


30S.4 


n  (273+0 


V{B-w) 


=c.c.  HjS  per  liter.* 


Determination  of  Ethylene,  according  to  Haber. 

The  principle  of  this  method  was  discuttEicd  on  p,  752.  The 
determination  is  effected  in  the  Bunte  burette  (cf.  p.  790,  ITg. 
122). 

First,  the  contents  of  the  lower  portion  of  the  burette  ifrom 
the  lowest  scale  division  to  the  cock  is  determined  by  weighing 
the  water  drawn  from  between  these  points,  after  allowing  the 
burette  to  drain.  Then  about  *J0  c.c.  of  the  gas  to  be  examined 
aie  placed  in  the  burette  and  the  thermometer  and  barometer 
readings  are  taken.  Then,  exactly,  as  dcsmbed  on  p.  799,  the 
liquid  is  sucked  down  to  the  stop-K-oeli.t  a  little  bromine  water 
is  poured  Into  a  sntall  evapuratiu^-dish,  about  10  c.c.  of  the 
liquid  are  allowed  to  riae  into  the  burette,  and  in  order  to  wash 
the  bniminc  water  from  the  tij)  into  tlic  burette,  2  or  3  c.c.  of 
water  ai'c  added. 

The  walls  of  the  burette  are  now  thoroughly  wet  with  the 
bromine  water  by  suitably  tuniitu;  and  incHiiiug  the  tube,  and 
in  this  way  the  clhyleno  is  quickly  abM^rbod.  In  order  to  de- 
tcmiino  the  excess  of  bromine,  a  strong  solution  of  potassium 
iodide  is  allowed  to  ri.sc  into  the  burette,  and  the  contents  of 
the  lattfir  are  vigorously  shaken.  Tlic  liquid  is  then  run  out 
into  an  Erleiuneyer  flask,  tlio  burette  is  carefully  washed  out 

with  water  and  the  deposited  Iodine  is  titrated  witJi  7^  sodium 

thiosulphatfl  solution.    Tho  titrc  of   the  bmmino   water  added 
is  next  determineil  by  pouring  a  tittle   into   a  porcelain  dish, 

*  In  tbU  fomiiila  the  tempemtun  of  tlie  xpring  does  not  cnmo  \a*o  con- 
stdcral'uMi  l)ec&ii9C  lh«  giM  in  at  the  [nlKimti>ry  tempcraturL-  when  □u.-jjured. 

t  Aflor  »lM>ut  tme  miaut«  liquid  wilJ  collect  al>ove  Ihu  aWi[»-<-i>r-k.  nwtit^  to 
itic  tlnuiiaiite  of  tlic  liquid  frgm  tli«  sidflB  o(  tho  buret  to;  this  is  reioovoi  bi-fore 
addtajf  the  bruimna. 
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pipetting  off  10  c.c.  of  it,  iJlowing  this  mzunnit  to  nm  Islo  A 

solution  of  potassium  iodide  and  titrating  the  libcnt«d  iodine  with 

N        .  . 

—  sodium  tluiisulpliatc  soliitioQ. 

The  n^ethod  of  calculating  the  remits  will  be  illustnted  belt 
by  means  uf  a  Einglc  example. 

Example. — ^A  gas  consisting  of  90  volumes  of  air  and  10  raltunet 
of  ethylene  was  iiaed  for  the  analyBis. 

Taken  for  analyms,  91.2  c.c  of  the  mixtuxe. 

Temperature,  J  8.3'  C. 

Barometer  reading,  725  nun. 

Tension  of  aqueous  vapor  at  18^  C— 15.0  mm.  mercorf. 

Volume  of  the  ungruluated  portion  of  the  burette. . .    fi.10  cft 
Reading!^  the  brotninawaterin  the  graduated  part..  lOJXt  * 

Bromine  water  used <. 16-IOcA 

Titn  of  the  bmmine  water: 

10  e.c.  of  the  brucnine  water  eomtpoD^  to  JZjO  cc.  -rx  sodium 

thtosolphate  aotution^  no   that  16,10  ex,  ct  bromioe  water 

Dvalent  to  10.: 

We  have  v>w: 

lO.i  C.C.  brumiiie  water,  ,....,...*  19^  c.«.  tt  aoiutjoa. 

l&l  e^.beomliwwater-f-etliyleoe -1223   "    ' 

The  elb/U«  «rirr«»»oftd»  10 7J09    **    "       * 

fifaiee  the  abtorptJoa  of  the  eCbyietie  bjr  tiie  broouiie  wate 
tdui  liteee  aeeoRtiac  to  the  «c|ttalioB 

kid&nn  that 

2Br-2!-2M.(J00c.r,  tq  •udium  ihioaulpbate  mUhmmi -22,270* 

€X.  eth^leue,  M*d  aiuve  I  CA.  .q  eudiuu  ihioeulphale  eurxaqnads 

*Uf.  MM  7ftL  ■ 


*3 

equivalent  to  10.32  c.c.  of  —  sodium  tliloaulphata. 
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(o   l.lOOo.c.  C2U4,  the  7.09  c.c.  of  -r?  solution  used  represent 

7.09  X 1 .100  =  7.94  c.c.  CaH*  nt  0"  O.  and  760  mm.  presaure,  or  9.10 
O.C.  CjH,  at  18.3°  C.  and  725  nun.,  measured  moist. 
Tho  gas  consists,  thereforej  of: 

C.n,-  9.1)  ^^  j„         cent.  JC,II.  =  I0.0  percent 

Air  -82.1)  ^  J  Air  =90.0    "      " 


91.2 


100.0  per  cent. 


Thw  method  is  especially  suit«d  for  t!:e  determination  of  ethylene 
present  with  benzene  in  illuminatinR-iias.  In  one  sample  the 
sum  of  the  two  gases  is  dctemiined  by  absorption  with  fuminft 
sulphuric  acid  or  bromine  water,  and  in  a  aeoond  sample  the 
ethylene  is  detennincd  as  described  above. 

This  method  ih  suitable  for  deUrmining  ethylene  mixed  with 
benzene  vaporw  in  ilhiniitiatinp  paH.  In  one  samjjle  the  sum  of 
the  two  is  obtainwl  by  abnorbing  witli  fuming  »u]plmric  acid 
or  bromine  and  in  a  second  sampln  the  ethylene  is  determined 
aa  above. 

Hemark. — Instead  of  using  bromine  water,  which  changes  its 
strength  so  rapidly,  the  author  uses  a  tenth-normal  solution  of 
potassium  bromate;  on  acidifying  an  equivalent  quantity  of 
bromine  is  obtained. 

The  experiment  is  carried  out  as  follows:  Kxactly  as  described 
above,  90  c.c.  of  (he  gas  an?  led  into  the  Bunte  burette,  the  water 
withdrawn  till  the  lower  cock  is  reached,  and  then  some  potas- 
sium bromate  solution  U  placed  in  a  small  porcelain  dish  and  about 
10  c.c.  of  it  is  sucked  up  into  the  h«rettx>  and  the  volume  deter- 
mined. Then,  after  wiping  off  the  lower  capillarj-,  an  excess  of 
concentrated  pota.'wium  bromide  solution  and  6nally  an  exoew 
of  dilute  hydrochloric  acid  is  introduced.  After  shaking  eight 
minutes,  all  the  ethylene  will  be  broniin.ited.  At  the  end  of  this 
time,  10  per  cent,  potassium  iodide  solution  is  allowed  to  enter 
the  burette,  the  contents  shaken,  and  emptied  into  an  Erlenmeyer 
flask.  The  iodine  thus  liberatetl  is  titrated  with  tenih-normal 
sodium  thiosiilphate  solution.  The  calculation  is  carried  out  as 
before.    Using  this  modification  of  Haber's  method,  the  author's 


DETERMINATION  OF  ETHYLENE. 


Sal 


assistant,  M.  Brctachgor,  annlyzcd  a  mixture  contaiaing  air  and 
known  quantities  of  cthyteno  with  the  following  results: 


Ethylene  taken. 

Found, 

1 

5.20% 

5.23% 

2 

5.20 

5.16 

3 

5.20 

5.15 

4 

3.90 

3.SS 

5 

3.70 

3.70 

6 

3.70 

3.68 

DeterminatioD  of  Ethylene  in  th«  Pr$s«nc«  of  Acetylene. 

Savx  acetylene  is  not  attacked  in  the  cold  by  cither  bromine 
or  indinp,  wlierena  ethylene  is  reudily  attRckcd,  the  author  has 
cauf*d  \\\»  assistant  to  carry  out  a  number  of  experiments  in  thus 
analysing  gas  mixtures. 

In  one  sample  of  the  mixture,  the  sum  of  the  ethyl cne-aeotyleno 
was  det-ermined  by  absorption  with  fuming  sidphuric  acid  and  in 
anothor  .sample  the  ethylene  was  determined  by  the  above 
bromale -bromide  method.  The  accuracy  is  attested  by  the 
following  analvBCB  of  M.  Bretschger: 


ELbylenc  taken. 

Ethylene  found. 

Acetylene  found 

4.38% 

4.33% 

0.61% 

4.17 

4.23 

0.32 

9.W 

9.71 

0.35 

9. S3 

9.84 

0.43 

7.85 

7.73 

4.65 

7.83 

7.82 

4.60 

2.69 

2.80 

19. IS 

2.64 

2.74 

19.60 
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Gab-Voluhettbic  Mi-mioDs. 

If  in  consequence  of  a  chemical  reaction  a  Ka«  U  evolved,  from 
the  volume  of  the  latter  the  weight  of  the  original  substsu.ce  may 
be  dcl^rmined. 

Examples  of  this  sort  of  an  anal)-sis  were  given  under  the 
determination  of  CO2  in  carbonates  (pp.  38-1,  388,  391^),  ihc  carbon 
contents  of  iron  and  steel  (pp.  402  and  404),  and  the  NO3  in 
nitrates  (p.  456). 

At  this  place  a  few  more  important  determinations  of  the  same 
nature  will  be  described. 

Detennination  of  Ammonia  in  Ammonium  Salts. 

The  following  method,  firat  proposed  by  Knop*  aod  later 
modified  by  P.  Wagner,t  depends  upon  tbe  fact  that  ammonia 

is  oxidized  by  sodium  hypobromite  witli  evolution  of  nitrogen: 

2NH,+  SNaOUr  -  3H,0 + 3NaBr  4-  N^ 

The  nitrogen  is  collected  in  an  azotomctcr  and  measured. 

If  tiie  amount  of  the  ammonia  be  calculated  from  the  roliime 
of  tho  nitrogen,  too  low  results  mil  be  obtained,  and  this  faet 
was  formerly  explained  by  the  assumption  that  a  part  of  tlie 
nitrogen  was  al}SDrbed  as  such  by  the  alkaline  bromine  solution. 
To-day,  however,  we  know  that  such  is  not  the  case.  At  ordinary 
temperatures  all  of  the  anmionia  is  not  oxidized  according  to 
the  above  equation  to  water  and  nitrogen,  but  a  small  amount 
of  ammonium  lij-|)obromitG  is  formed;  for  this  reason  too  Utile 
nitrogen  is  obtained  in  tho  axotomelor.  If,  on  the  other  hand* 
the  decompositiyii  takes  place  at  100®  C-,  the  reaction  goes  quanti- 
tatively according  to  the  equation.  It  is  inconvenient  to  work 
at  such  a  liigb  temperature,  so  that  it  is  more  practical  to  make 
a  correction  to  ihc  volume  of  nitrogen  obt^ned  at  ordinary  tem- 
peratures. 

•  Chora.  CcDtnUbl.,  1860,  p.  243. 

t  Zt\iBr\t.  I,  anal.  Chem.,  XIU  <1&74),  p.  383;  XV  0876),  p.  25a 
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lUogtnU  and  apparatiis  required  : 

1.  An  ammonium  chlcride  solution,  obtained  by  dissolving 
8.3544  gms.  of  the  pure  sublimed  salt  in  wat«r  and  diluting  to 
600  c.c. 

10  c.c.  of  this  solution  evolve  at  QP  C.  and  760  mm.  presauTQ 
35  C.C.  of  nitrogen  if  the  reaction  takes  place  according  to  the 
equation. 

2.  Sodium  hj-pobajmito  solution.  100  gms.  of  sodinm  hy- 
droxide are  dissolved  in  water,  diluted  to  1250  c.c.  and  aftop 
cooling  by  placing  the  flask  in  cold  water,  26  c.c.  of  bromine 
are  added,  the  cuuleuts  of  tlie  tlask  vigorously  shakeo  and  again 
cooled. 

Thia  solution  must  bo  preserved  In  a  stoppered  botUe  mnd 
protected  from  the  acticjn  of  li^'ht. 

3.  An  azutomcter.  Instead  of  the  azotome'uer  of  Wagner,* 
Lunge's  Universal  Ap]>aE'atus  (Fig.  01,  b,  p.  3S7),or  any  such  meas- 
uring instrument  may  be  used. 

Procedure. — Ten  c.c.  of  the  standard  ammonium  chloride  solu- 
tion are  placed  in  the  small  Waguer  decomposition-bottle  (Fig. 
61,  a,  p,  3S7)  wliile  40  to  50  c.c.  of  the  hj-pobromitc  solutioi* 
are  poured  into  the  glass  L  (which  is  fused  to  the  bottom  of 
the  bottle  If).  The  bottle  is  then  connept«i  with  the  mposuring- 
tube  At\  which  is  entirely  filled  with  mercury,  6  opened  and  the 
levelling-tube  B  lowered.  Tlie  bottle  //  is  inclined  so  that  some 
of  the  hypobromite  solution  cuuk-s  iti  ceiiilunt  with  the  HolutJin 
of  aininouium  chloride  and  the  two  liquids  arc  mixed  by  gentle 
Bhaking.  A  lively  evolution  of  nitrogen  at  once  takes  place  and 
the  liciuid  bocoinffl  healed.  As  &oon  as  tho  action  ceases,  more  of 
the  hyiKjbroniitc  solution  is  allowed  to  act  upon  the  ammonium 
Bait  and  the  prooees  is  repeated  until  finally  all  of  the  bypobromit« 
is  in  the  outer  part  of  //.  As  soon  as  no  more  gas  is  evohed 
by  Bhaking,  the  decomposition-bottle  is  placed  in  water  at  the 
loom  temperature  and  after  allowing  it  to  stand  ten  minutes, 
the  volume  of  the  nitmj^m  is  ixrad  under  the  conditions  de- 
■cribed  on  p.  3S0     The  voIiimh-  of  rdtn)gen  at  (T  and  760  mm. 


*  Loc.  cit. 


•  Loc.  cit. 

frtkC  conteaU  of  the  dccgmfwiwllon-boltlc  are  pre^-ioualy  cooled  to  tht 
loom  tcmpemture  before  the  cock  t  ii  ronnccted  with  It. 
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thus  found  will  be  smaller  than  the  thooretical  value  of  35  c.c, 
btit  it  corresponds  to  the  animint  of  ammnnia  contfiined  in  10  c.c, 
of  the  ammonium  cWoride  sohition,  i.e.,  0.05320  gm.  Nllj. 

A  number  nf  such  Hetermi nation 3  are  carried  out  and  the  mean 
of  the  rft^ults  obtained  is  taken  for  the  correct  value. 

After  this,  some  of  the  ammonium  salt  to  be  analysed  is  wwghed 
out,  dissolved  in  water,  and  diluted  so  that  10  c.c.  of  the  solution 
will  contain  appro-viniately  the  same  amount  of  ammonia  as  in 
the  case  of  the  standard  solution.  Then  if,  for  e.\ample,  from 
o  gum.  of  an  ammi^nium  s«k,  V  c.c.  of  nitrogen  at  0^  C  and  760 
Dun,  preifiiure  wciv  found,  we  have: 

F;K-0.05320;x 

FiXO.05320 

^- y 

and  in  per  ceut.: 


F,X5.32Q 

V-o 


=per  cent.  NTTq.* 


Remark. — The  results  obtained  by  this  method  agree  exactly 
with  those  obtained  by  the  distillation  method  described  on  p.  500. 
Only  with  Biibetances  coutaining  sidphocyanaten  artr  the  results 
obtained  too  high;  in  this  case  the suli>bocyaaatc>  is  decomposed 
by  the  alkaline  hypobroniitc  solution  with  evolution  of  nitrogen 
and  carbon  rimnuxide.t 

CoiL»equcQtty,  tlie  above  method  afTords  uncertain  results  in. 
the  analysis  of  Uic  ammonia  in  gas  liiiuors. 

I'ri'a  is  (iecumposed  by  tho  alkaline  hypobromite  solution 
according  to  the  etiuation: 


•  I.4m(^  CLungc-Berl,  tlicm.  tochn.  rntcrBUchiinssRiGthodm,  61I1  tidiliun, 
Vol.  I.  p.  155)  tltJw  not  BtaaiUrdiBc  agoinat  Uic  jsolulion  o(  lunmonium  chlohde 
o(  known  strength,  Init  iuIkIs  2.2  {xn-  ceut.  mcro  ammoiiift  to  comipond  to 
the  loM  of  niiroiren.     Then  l'XO,CXJI558-=gm.  ■mmonia. 

t  DonaUt  aiiJ  PoUak,  Z«iU*clir.  f.  wigow.  Chem.,  IS97,  p.  M5. 
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C0(NHa)3 +3NaOBr=-  3NaBr  +COa  +  N3  +2H2O.* 

BO  that  it  can  be  determined  in  the  same  way  as  ammonium  salts, 
the  carbon  dioxide  produced  by  the  decompositioa  bdng  kc^t  back 
by  means  of  caustic  soda  solution. 

Determination  of  mtroiu  and  Nitric  Adda. 

Principle. — If  &  solution  of  a  nitrite  or  nitrate  be  shaken 
with  mercury  and  an  excess  of  sulphuric  acid,  all  of  the  nitrogeD 
is  set  free  as  nitric  oxide: 

2HNO,+2Hg+  H^0,-2H,0+  Hg^,+2N0, 
2HNO,+6Hg+3H^O,-4H,0-f3Hg^.+2NO. 

From  the  volume  of  the  nitric  oxide,  the  wdght  of  the  nitrate 
or  nitrite  is  computed. 

The  analysis  is  best  perfonned  in  a  Lunge  nitrometer.t  The 
latter  is  a  Bunte  burette,  in  which  the  bwer  stop-cock  is  lacking  and 
the  lower  end  of  which  is  connected  with  a  levelling-tube  containing 
mercury.  By  raising  the  latter,  the  nitrometer  (which  need  not 
be  graduated)  is  entirely  filled  with  mercury  and  the  two-way 
cock  under  the  ftinnel  is  closed.  Then  a  weighed  amount  of  the 
substance  dissolved  in  a  httle  water  is  placed  in  the  funnel,  the 
levelling-tube  lowered,  and  the  solution  introduced  into  the 
nitrometer  by  carefully  opening  the  cock,  the  funnel  being  finally 
washed  out  four  times  with  two  or  three  c.c.  of  concentrated 
sulphuric  acid.  The  decomposition-tube  is  now  taken  out  of 
the  frame,  it  is  placed  several  times  in  a  nearly  horizontal  position 
and  ihea  quickly  changed  to  a  vertical  position.  By  this  means 
the  mercury  becomes  intimately  mixed  with  the  acid  and  the 
decomposition  at  once  begins.  Tiie  shaking  is  continued  one  or 
two  minutes  until  there  seems  to  be  no  further  increase  in  the 
volume  of  the  liberated  gas.    The  decomposition  vessel  is  then 

*  This  reaction  does  not  take  place  aa  completely  as  with  anunonium  salta. 
Lunge  Sods  in  the  detennination  of  urea  in  urine  that  the  nitrogen  deficit  is 
9  per  cent.  If,  therefore,  the  volume  of  nitrogen  after  being  reduced  to  0' 
and  760  mm.  is  multiplied  by  2.d52,  the  correct  urea  value  is  obtained. 

t  Berichte,  1890,  p.  440,  and  Zeitwhr.  f.  angew.  Chem.,  1890,  p.  139. 

X  See  also  Lunge-Berl,  Chera.  techn.  UntereucbungBmethoden,  6th  edition, 
VoL  I,  p.  166. 
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connected  by  means  of  a  short  piece  of  rubber  tubing  with  tbe 
gas-burette  fUled  with  mercury,  the  nitric  oxide  \s  transferred 
to  the  latter,  aiid  its  volume  read  after  reducing  it  to  the  standard 
conditions  by  means  of  the  gas-compensation  tube,  (Cf.  p.  3S7, 
Fijt.  6!.  6.) 

If  in  an  analysis  a  gms.  of  a  nitrate  were  taken  and  Y^  0.0. 
of  NO  were  obtained,  we  have: 

CNOJ 

22,391  c.e.:62.0I-Vo:» 

_    K0X62.OI 


and  in  per  cent! : 


22ai)l 


gma.  NOa 


^X^=0.2769x^'-percent,  NO,. 

Remark. — For  the  analysis  of  "tiitrose,"  *  the  author  knows  of 
no  method  which  affords  such  exact  results. 

For  the  determination  of  nitroiia  aciil  in  the  proaence  of 
nitnc  acid  by  a  gas-volumetric  method,  P.  Gcrlingcrf  treats 
the  neutral  solution  of  the  two  salts  with  a  concentrated  solution 
of  ammonium  chloride,  whereby  the  fdllowing  reaction  takes  place: 

NH4Cl4-KXO.  =  2H.O+KCl-|-Nj. 
Half  of  the  nitnigcn  evolvwl,  tlicrcforc,  atmra  from  the  nitrous 
acid  present.     Kor  the  details  of  this  determination,  the  original 
article  should  Ik*  cun.sulted. 

Hydrogen  Peroxide  Methods. 

Hydrogen  peroxide  in  many  caites  acta  as  an  oxidizing  agent, 
and  in  other  rases  it  lias  a  iiiai'ked  reduHmj  aetiou. 

This  anomalous  hehnviitr  can  Iw  explaineil  very  easilyby  assum- 
ng  that  unc  of  the  oxygen  atoms  in  hydrogen  peroxide  has  an 
tqual  niiuiU'r  of  pi]sitive  anil  nogativo  ehargt^s  or  valence  bonds. 
When  liyilrogf-n  peroxide  dettomposes  spontaneously  on  stand- 
ing, a  reaetioii  which  is  often  aided  hy  shaking  with  an  inert 
flubstance,  such  as  sand,  this  neutral  oxygen  atom  is  loHt  and 
oxygen  molecules  are  formed.  When  hydrogen  |)eroxide  acts  as 
an  oxidizing  agent,  this  neutral  oxygen  atom  is  reduced  to  its 


I 


•Cf.  Vol.  I.  tZ-  ttnupw.  ChPiii,.  1901,  1250. 

J.  Pbum.  Cbia.,  1900,  0th  Series  Vol.  XU,  p.  0. 
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normal  negative  vaJonc*  o(  two.  ^Vbcn  Kj-dn^Rcn  peroxide  notR 
AS  a  reducing  agent,  gaseoua  oxygMi  w  ntwnys  orii>  M  ilio  prHlunts 
of  the  reaction.  It  ts  usuftUy  awunicil  ihnt  hnU  of  tlio  evolved 
oxj-gen  comes  from  tlio  oxiditing  agonl  aud  Kalf  fixim  i\w  lijrdro- 
geu  peruxjde.     Thus 

2MnO4-+5HaOa+6H^-2Mn++4-S!rvO+0O,. 
In  the  two  following  mothodn  which  involve*  thn  \\m*  of  hy- 
drogen peroxide,  u  IftrRp  cxcpks  of  ihr  |MM'(«I(|f>  ftlitiiild  not  be 
uaed  and  long-continued  BhiikiiiK  sEioiild  bo  avoided. 

(a)  Standardization  of  Permanf^antte  Rolitlnnt. 

The  dct^rminatitm  is  best  mad?  avciirdlnfc  to  TiMii^c  In  a  km 
Tolmnetcr  (p.  3S7,  l-'i^.  111).  In  order  to  oblaln  wurfil  rM>iiJb<, 
however,  it  is  ab»k)luU>ly  MxfmtLty  tliat  no  exi^aa  nr  byiIiosi>n 
peroxide  be  present.  Coniiequently  it  In  nociwnry  to  (I(<trnn)ii9 
by  means  of  a  preliminary  ezpt^rimi^nt  Iho  Mafl  vahic  of  the 
permanganate  solution  in  termn  lA  thn  ll/^j  wiliillnn  un^d  (cf. 
p.  626).  Then  a  measured  omouni  of  tbo  UitJ-r  w  pinwvl  \n  th« 
outaidepartof  the  Wagner dccompoaitlon-lifdll^  {Vtf,.  niu,  p,  •1^7), 
and  30  c.c.  of  dilate  nilpburic  sck)  (1  -.ff)  are  tAt\*>i\.  After  IhK 
tbe  exaet  amount  of  hydrogen  p^To^ride  rr^jnirwl  f^'t  *h*»  d^^ont■ 
poaitioa  of  tbe  permaoganate  is  iotrofluced  initi  ilir>  inn^r  pnrt  t,X 
«l  tfae  bottle  and  th«  laUer  m  eoniwet^d  irith  th(r  nif  Mitring-tubr-, 
vfaicfc  it  fiUed  with  mcretiry,  tbe  co^k  ft  »»^?fi((  removod  for  IHp 
tinr  bcog,  b«t  it  in  rep(ae«vl  at  the  end  of  two  or  IbrM  cnlntif^v 
tmA  \wnul  to  Cbe  pnmtiM)  fthnwn  m  th4  Tigiird, 

The  two  liqnirtfi  are  th«>  mixed,  takinft  pare  fo  trnld  t>ii>  d^ertm- 
paaJtbik-ftiA  ao  that  ito  txMUriim  will  not  b«  wArmtyl  by  th«  hnat 
«f  Hw  Baa4,  iMfininiif  it  t»  an  angle  of  abont  9<i*  with  th<«  vwtleal, 
md  flh«fcing  for  exactly  on«  minute.  W)ii1e  tho  oTvewi  i«  l>rinK 
gwtoaa,  mm  muat  be  taken  that  th«  ^a^  in  th^  Atidinmr-ter  \n 
mAv  mtkiGeri  prevnm  At  the  end  of  the  deeomrxr«it)on,  the 
pm  ia  plaeiwl  imder  aTroMpherie  pmsum,  6  \a  closed,  und  by  mean* 
of  thft  fnmpennfttirtn-Mhe,  the  volume  nt  tb«  (ta«  i^  re«1uced  to 
iriiat  it  wool*!  bfl  at  il*  C  and  760  mm.  prewnn:',  nn  de!«oribwi  on 

Oaa-balt  of  the  obaervvd  v«liime  eorrwtpondj"  to  Iho  amoimt 
tf  tncyivn  given  up  by  tha  pAtaiwhim  permnnpanate.  Tlibi  niimlwr 
miilliplied  by  0  001429  giv«  the  vmgtii  of  thft  oxyiiwi  obtained 
thv  permoniBnatB. 
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Ranark. — ^Thc  amount  of  permanganate  to  be  taken  for  the 

experiment  is  determined  by  the  sire  o£  the  nieasuring-tube.    If 

N 
the  latter  has  a  capacity  of  150  cc.,  15  co.  of  a  —    solution 

9 

or  40  to  50  c-c.  of  a  -pr  siiliition  should  be  taken. 

The  hydrogen  peroxide  used  should  not  be  too  concentrated; 
it  should  be  about  a  2  per  tent,  solution.  The  active  oxygen 
present  in  a  sample  of  j)yroluBite*  may  be  determined  by  the 
same  proeodurc. 

(b)  Determination  of  Cerium  in  Soluble  Ceric  Salts. 

If  hydrogen  peroxide  is  added  to  an  acid  solution  of  a  soluble 
ceric  salt,  Uie  latter  ia  reduced  with  evohition  of  oxygen: 

2CoOa + HA  ^  Ce,0, + HjO  +  0^ 

The  determination  is  effected  in  precisely  the  same  way  as 
wiLs  deseribed  above  in  the  standardization  of  the  pennanfianate 
sohition.  If  half  the  volume  of  liberated  oxygen  is  muLtiplied 
by  0.03077,  the  product  rcpreaenta  the  corresponding  amount 
ofCeOa.t 

Remark. — If  a  large  excess  of  hydrogen  peroxide  13  avoided 
la  the  above  analysis,  satisfactory  results  will  be  obtained. 

For  other  determinations  of  this  sort,  consult  "  Lunge's  Alkali 
Makers'  Handbook"  and  "Hcmpera  Gae-Analytical  Methods." 

Silicon  Fluoride,  SiF<.    Mol.  "VVt.- 104.3. 

Density-3.G05  (Air- 1).    Weight  of  one  IJter-4.CC0  gma. 
Molar  volume  — 22.^0  liters. 

*  Lun^'9  Alkali  Makers'  Hamlbook. 

t  Aaauming  Ltmt  tliu  ittomic  wt-iftlit  of  C«— 140.25. 


Detenniiutioa    of  Floorine   as   Silicon    Fluoride 

0*(t«l).* 

PrirtcipU. — V  »  muture  of  c&lciom  ftooriife 
qu&rtz  a  treated   with  eoncentrstod  ralpbone  wjd  m  a 
vessel,  all  of  tb«  fluonn«  irill  be  expelled  as  itUcno  ilaorite: 

2CaF,^Si03  4>2H3SO«-3Cafi04+2B^-r8iF« 

and  UiU  gM  citn  be  coOectAl  and  meuunwL 

One  tx,  SiF^  at  0*  and  7W  mm.  preanirc 
O.O0G978  gm*,  CaF,.  or  O.Orn;ia.t  piu,  F3. 

Proetdure. — A  ir»g|u»l  anioitnt  uf  the  very  fm^f~ 
salMtaAee,  «birh  must  not  mtitain  an/  other  aad  ikafc  caa  W 
expeUcd  by  treatm<«t  with  enncfmlrated  salphmc  act^f  it 
n&wd  with  3  KRts-  of  [gnifml  fInnly*fiowd«rad  qoartx  smI  aac^ 
duccd  into  the  dry  drcumpoaltirm  fla^k  K  (Fig.  13K>.  "nrlaaar 
is  then  evacuated  somowhat  tiy  twim  lowwriag  thrl 
«V  with  the  itAp-«ork  //  (i|Hrn,  rKW/tc  the  4 
the  atr.  At  th^  banning  nf  the  experinsaCr  the  baRCte  B  m 
not  taoxmrUtl  with  tlit  irr»at  lube  O.  V^  raUac  <^ 
^■aa  itibc  H.  af/'mt  ;kj  r  f:  uf  ronnminUftd  a«iphafir  acaJ 
aUovoi  to  &7W  int<>  thi  flask.  This  acid  naat  haw  baa  ] 
^nmmkj  beatwl  io  a  [^irircUla  cniribbe  for  soae  tne  al  a  If 
peraturc  near  th^  UiilinKifiinl,  in  order  to  detawjr  enry  trace 
of  orsainV  matur,  and  allowwl  to  eool  ia  a  '  * 
phiMpbonia  f^nt/^xI'U)  The  arid  (n  Jt  is  heated  lo 
the  atop-eock  //  "\<*^f^  >nil  ihn  Aask  is  fnqocafilj- 1 
the  entire  Kxinnfnmi,  the  inamify  levd  ia  the  t^he  A'  ia  fcrft 
a  £Ule  knrer  tttMA  that  of  the  mervurjiatfaeanaaBa^ttfaeif^ 

At  fint  tV  •u\\i\tnt\c  si^id  foama  roaadarrfjy,  hat  aoea  eeaaa^ 
which  is  a  sunf  sign  that  the  diMwomoMtJoo  ia  eeafdeliL  Tta 
flame  ■  Uvm  rtrnvtveii,  the  aulphurir  acid  aBowed  to  eool  aad 
al  the  (as  in  IC  itf  expeUod  by  jJuroduefDe  Ihrav^  T  ealylMuiB 


*  QaMiM)rti«rf«  MsttndM,  Ul,  p.  M2 

t  a.  p,  <7ii. 

{  la  ofdsr  u.  liMfi  th« 


■f  AT  ymimar  dfr.  >  or  S  ca  «< 
oalopsf  Iha 
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acid,  which  has  been  previously  licated  and  cooled  as  described 
above.  As  suon  as  the  milphuric  acid  reacht's  the  stop-cock  H, 
this  is  cIuHwl.  Afti;r  wiiiting  ten  minutes  more,  the  gas  is  placed 
under  atmoi^iilieric  pressure,  by  suitably  raising  A'^  and  the 
Vdhimo  and  teiiiperatuTT!  are  noted. 

The  giis  is  now  driven  over  into  Ihe  Orsat  tube  O,  containing 
caustic  potiish  wjlution  (1:2).  The  silicon  tetrafluoride  is  imme- 
diately absorbed.  The  rrsidual  gas  is  carried  back  to  the  tube  M, 
and  after  waiting  fiftceu  muautca  the  volume  is  read.    The  differ- 


Fia.  126. 

encR  between  the  two  readings  gives  the  volume  of  silicon  tctra- 
fluoride. 

Retnarks.—A.  Koch  tested  this  method  in  the  author's  labor- 
atory and  obtained  results  vani'ing  from  i)S.y7  to  102.03  \ht  cent, 
with,  pure  calcium  fluoride.  To  obtain  this  aeeuracy,  liowcver» 
it  is  necessary  to  carry  out  the  decompi>aition  under  approx- 
imately atmospheric  pressure.  ^Vhetl  working  under  a  vacuum 
the  results  were  always  too  low.  Thus  in  one  case  only  8o.70  . 
per  cent,  of  the  theoretical  value  was  obtained. 

During  these  experiments  with  reduced  pressure,  a  white 
sublimate  forms  at  tlie  lower  part  of  the  condenser,  which  on 
coming  in  contact  with  the  sulphuric  acid  that  is  introduced  at 


DETERMINATION  OF  yAPOR  IN  GAS  MIXTURES.  831 

the  last,  causes  a  strong  effervescence.  Since,  however,  all  the 
gas  in  the  burette  was  replaced,  we  believed  that  the  low  results 
could  be  traced  to  the  absorption  of  silicon  fluoride  by  the  sul- 
phuric acid.  This  idea  proved  to  be  false,  for  a  measured  volume 
of  silicon  fluoride  does  not  change  when  allowed  to  stand  for 
twenty-four  hours  over  concentrated  sulphuric  acid.  The  error, 
therefore,  must  be  caused  by  the  strange  deposit  that  has  con- 
densed in  the  lower  part  of  the  condenser.  If  the  work  Is  carried 
out  under  atmospheric  pressure  as  described  above,  the  white 
deposit  is  never  obtained. 

The  method  can  be  used  for  the  estimation  of  fluorine  in  the 
presence  of  carbonates.  In  this  case  the  silicon  fluoride  is 
absorbed  by  means  of  a  little  water  and  the  carbon  dioxide  by 
means  of  caustic  potash.  As,  however,  a  little  of  the  carbon 
dioxide  is  dissolved  by  the  water,  the  gas  residue  which  has  been 
freed  from  carbon  dioxide  is  shaken  with  this  water  again,  whereby 
this  dissolved  carbon  dioxide  is  removed  and  can  be  absorbed 
by  a  further  treatment  with  caustic  potash  solution.  For  further 
details,  consult  the  original  paper  by  Hempcl  and  Scheffler.* 

Determination  of  Vapor  in  Gas  Hixtures. 

It  is  often  desired  to  estimate  the  weight,  and  from  this  the 
volume,  of  vapor  present  in  a  mixture  of  gases  and  vapore.  This 
will  be  illustrated  by  one  or  two  examples.  Let  it  be  assumed 
that  in  a  unit  of  volume  of  a  given  gas  mixture  there  are  v'  parts 
of  gas  and  v"  of  vapor.  If  the  whole  mixture  is  under  the 
pressure  P,  then  the  partial  pressures  of  the  gas  and  vapor  will 
be  respectively  v'P  and  v"P'.    The  following  equation  then  holde: 

P^^i/P+v'T. 
The  total  pressure  is  therefore  equal  to  the  sum  of  the  partial 
■pressures. 

If  now  the  partial  pressure  of  cither  constituent  is  known,  the 
volume  of  this  constituent  can  be  found  by  dividing  by  the 
total  pressure.     If,  for  example,  v"P=w,  then 

v"P     w     ^, 

AppHcations. — 1.    Reduction  of  Volumes  of  Moist  Gases  to  a 
Dry  Condition  at  0°  C.  and  760  mm.  Pressure. 
*  Z.  anorg.  Chem.,  20,  1  (1897). 
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A  gas  saturated  with  water  vapor  occupies  a  volume  *(  at 
£°  C.  and  P  mm.  pressure  A  unit  of  volume  of  the  gas  consists 
of  v'  volumes  of  tlry  gna  and  v"  volumes  of  water-vapor.  Now 
the  tension  of  aqueous  vapor  at  f^^w,  a  value  which  can  be 
obtained  from  the  tables  on  p.  842.  This  value,  w,  rejircscnts 
in  fact  the  partial  prrwsurc  of  the  water-vapor.  Consequently 
P—w  ia  the  partial  prcswurc  of  the  dry  constituents  and  the 
volume  of  the  latter,  v',  is,  aa  explained  above: 


v'= — 77-  at  t°  and  P  mm.  prcaaurc. 


This  volume  reduced  to  0°  and  7G0  mm.  pfeasuro  la 
{P~w)P  P~w 


V'o' 


P-7CQ-il+al)     7Q0{l+aty 


If  the  original  volume  of  the  gas  and  vapor  la  not  1,  but  Vj, 

then, 

^°    760Cl+«()      '■ 

Similarly,  the  volume  of  the  water-vapor  at  0"  and  7G0  mm, 
pressure  is 

w 


V"o  =  ^ 


760(1+ at) 


-K,* 


2.  Calculation  of  the  Moisture  in  tke  Air  at  Xormal  Pressure 
(760  mm.)  and  Temperature  (*. 

What  ia  the  volume  of  wntcr-vapor  contained  in  100  c.c. 
of  moist  air  at  0",  25®,  and  35*  C?  According  to  the  table: 
Wo=4.6  mm.;  u'ls— 23.5  mm.;  and  1^35  =  41.8  mm.  Hence  the 
volume  of  water-vapor  present  in  a  unit  of  volume  ia 

wa     4^  _     "_^_  ?^ .     "'M  _  !!:§ 
J&J^Tm''     7UO~70U'     7W)~7(W' 


*  Tn  tliifi  furmulA  vi  it  liwunied  thai  the  water-vapor  u!m  follows  Boyle'a 
kw,  which  id  not  atriotly  true. 
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and  the  percentage  of  moisture  is 

0.61  percent  at  0*; 
3.09  "  "  25*; 
5.50       "         "  35*. 

If  the  gas  is  not  saturated  with  moiature,  the  rotation  of  the 
dr>'  gas  to  the  moist  one  is  not  so  easy  to  determine,  unlcaH  the 
degree  of  buturaticu  id  kiiuwa.  The  humidity  of  a  gaa,  or  the 
degree  of  !»iituration,  oxpre^sea  the  amount  of  moisture  present 
as  compari.>^l  with  the  tutul  amouut  which  the  gas  can  take  up 
when  perfectly  saturated  with  njoislure.  Thus  if  the  humidity 
13  ^0  per  cent,  the  gas  could  taku  up  as  much  again  moisture 
at  the  prevailing  temperature. 

If  the  degree  of  huniidity  of  a  gas  is  expressed  by  r,  then  the 
volume  of  the  given  gas  at  this  temperature  and  760  mm.preasure, 
18 

ViP-r-w) 
7GU       * 

and  tho  volume  of  the  water-vapor  present  13 


V-r-w 
760   • 


3.  Calcxilation  of  Ihe  WeiffH  of  Water-vapor  in  a  Given  Volume 
0/  Air  which  in  x*ialuralai  with  Mt/isture  al  the  Tcinpcrature  f* 
and  the  Pressure  /*  mm. 

One  c.c.  of  water-vapor  weighs  O.OOOSOl  g:n.  at  0"  C.  and 
760  mm.  pressure. 

One  c.c.  of  water-vapor  at  t"  and  P  mm.  pressure  occupies  a 

volume  of 

l-P 

*'°"  700(1 +  aO' 
and  weigh.'} 


--  =  O.OOOSOl  gm. 


76O{I+«0 
If  now  H'-   the  vapor  pressure  of  water  at  f*  and  P  mak 


834  G-^-S  ANALYSIS. 

pressure,  then  the  volume  of  water-vapor  present  in  the  volume 
V  of  the  gas  is,  under  these  conditions, 

P  ' 
and  the  weight  of  the  water-vapor  amounts  to 

"  AAAAoAi   w^"'     0,000801 -UJ-Wi 

■0.000801 --5-^=     _-.„.■   — TT-^  gma. 


760(1 +aO  P  760(1 +aO 

If  the  weight  of  the  water-vapor  is  g,  then  the  volume  of 
the  moist  air  is 

g-760(l+aO^ 
'      0.000801 -uj* 

If  the  gas  is  not  saturated  with  water  vapor,  but  the  degree  of 
saturation  (the  humidity)  is  known,  then  the  following  formula 
gives  the  weight  of  water-vapor  present  in  the  volume  vt  of  the 
gas, 

0.000801 -r-M-fj 
^ 760(1 +aO       S^ 

Or,  if  the  weight  of  vapor  present  in  a  given  gas  volume  is 
known,  then  from  the  last  equation  the  humidity,  r,  of  gas  may 
be  computed: 

ff- 760(1 +aO 


r= 


0.000801  wi-r,' 


4.  CaXcvlation  of  the  Weight  of  One  Liter  of  A  ir  at  0°  and  760  mm. 
when  Free  from  Moisture  and  Carbon  Dioxide. 

1  c.c.  of  pure,  dry  air  weighs  0.0012928  gm.  at  0*  and  760  mm. 
1  cc.  of  water-vapor  weighs  0.000801  gm.  at  0^  and  760  mm. 
1  cc.  of  water-vapor  is  therefore  0.62  times  as  heavy  as  1  c.c.  of  air 
1  c.c.  of  CO2  weighs  0.001977  gm.  at  0''  and  760  mm. 


*  Similarly,  the  volume  of  a  gas  saturated  with  any  other  vapor  «■*" 
be  computed  if  the  weight  of  vapor  present  and  its  density  are  known. 
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Air  contains,  on  an  average,  0.03  per  cent  of  CO2.     One    liter 
of  dry  air,  containing  the  average  amount  of  CO2  consists  of 

999.7  c.c.air       and  weighs    999.7x0.001293=1.2924  gms. 
0.3   "    CO2  0.3X0.001977  =  0.0006  " 


1000.0  "  1.2930  "      =a 

The  corresponding  volume  of  dry  air  and  of  water-vapor  at  0° 
and  760°  mm.  pressure  is 

760- ig      w 
760        760 
and  weighs 

760 -H- 


760 


-T^O-^-K-^). 


or,  in  other  words,  1  liter  of  moist  air  weighs  at  0"  and  760  mm. 
pressure, 

5.  Calculation  of  the  Weights  of  One  Liter  of  Moist  Air  Cim- 
taining  Carbon  Dioxide  at  1°  and  P  mm.  Pressure. 

If  the  tension  of  aqueous  vBpor=«'(,  then  the  volume  of  the 
moist  gas  is 

-p-  +  — p— '  =  1  at  i"  and  P  mm.  pressure, 


and  at  0°  and  760  mm. 


"''        J.   760 -Wi 


760(1 +«/)     760(1 +aO' 
and,  as  shown  under  4,  this  weight, 

P-«j      ^^     ,  w         .,       «„„    aCP-0.38u?) 

g=760Cr+^><°  +  76a(n:^^°><Q-'^^=-  760(l+a0    «""• 

or 
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n-„  ,  ; =the  weight  of  1  nter  of  moist  air  at  r  and 

P  mm.  pressure. 

V  liters  of  moist  air  would  therefore  weigh: 
^ 273+i '^- 
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The  Inftuence  of  Fine  Grinding  on  Composition. 

The  rate  at  wluch  a  substance  Uisaolvea  incrcasoa  as  the 
flmoimt  of  surface  exposed  to  the  aolveut  is  increased  and  for 
this  reason  solid  substances  always  dissolve  more  quickly  when 
reduced  to  a  fine  powder.  Moreover,  when  a  maU-*rial  undergoes 
chemical  attack  an  insoluble  substance  Is  often  formed  and, 
during  the  proccjw  of  solution,  the  insoluble  substance  may  form 
a  protective  coating  over  particles  of  material  that  have  been 
unacted  upon.  This  danger  is  diminished  if  the  material  is 
in  the  form  of  a  fine  powder.  For  these  reasons  the  chemist 
usually  pnrfors  to  grind  a  solid  sulwtanw,'  to  an  impalpable  con- 
dition before  attempting  to  analyze  it. 

This  practice^  while  dcsirablo  in  moat  caai^^  and  almolutoly 
nceesaary  in  others,  is  accompanied  by  certain  dtsadvuiitiiges. 
If  the  material  is  hard  there  is  always  some  contamination 
from  the  material  of  which  the  grinding  ajiparatuH  is  constmctcd. 
Thus  when  tlic  sample  is  ground  in  a  sU-el  mortar  or  in  a  rUm-I 
batl-mill,  il  will  be  contaminated  with  a  little  iron  and  if  ground 
in  an  agate  mortar  with  a  little  silica,t  Again,  if  the  sample 
readily  undergoes  slight  decomposition,  such  a  chemical  change 
is  likely  to  take  place  during  tho  operation  of  grinding.  In 
this  way  the  determination  of  nioistun*,  of  ferrous  iron,  and 
of  sulphur  may  be  influenced  very  appreciably. 

*  Th«  material  in  Ihia  apponrtix  i«  aAAtxi  Ipmporiwily  in  this  form  at  a 
lime  when  tiw  Ixxik  Im  out  of  print  an<l  then  u  Dot  time  to  get  out  ft 
iTutiipIcte  new  e<litiun.  It  will  te  introduced  cvenLiially  into  the  main 
rK>rtian  uf  tfio  liook.    (Kdilor.} 

t  HcTDpDl  \Z.  nnjEBW.  Clictn..  IMI,  R-l^l)  found  that  an  agaie  mortar 
and  pcvtle  loAt  U.052  i^.  in  tp-indin({  10  |j:iiiii.  uf  mbuai  to  a.  fino  [•uwdcr. 
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A  number  of  investigators  have  pointed  out  the  effect  of 
grinding  upon  the?  moisture  contwit  of  a  sample.  1/  the  sample 
is  practiciUly  drj-,  it  is  Ukely  to  absorb  considerable  moistuje 
when  dried  in  the  ^.  Thus  UiUebrand  *  found  that  a  piece  of 
unglazed  porcelain  eontainfd  no  moisture  originally,  but  showed 
0.62  per  cent,  of  water  when  ground.  If  the  substance  is  very 
hygroscopic,  this  danger  becomes  greater.  On  the  other  hand, 
grinding  often  causes  loss  of  moisture.  This  ia  notably  true 
in  the  case,  of  substances  containing  water  of  ciystallization  or 
superficial  moisture.  Thus  grinding  can  easily  reduce  the 
moisture  content  of  a  sample  of  gypsum  from  twenty  to  fivo 
per  cj^ot,  anil  a  sample  of  coal  may  show  several  [jor  cent  of 
moisture  when  large  lumps  of  it  are  tested  and  very  little 
moisture  after  it  \»  reduced  to  a  fine  powder. 

The  heat  produced  by  grinding  may  not  only  acrvo  to  expel 
moiature  from  the  sample,  but  it  may  cau.se  chemical  change. 
Thus  Mauzeliusf  has  shown,  and  tlie  cxpi-nnient  Iia.s  been 
repeated  by  Hillcbrand,t  that  the  fcrrou.s  iron  content  of  a 
rock  becomes  smaller  on  account  of  grinding  it  to  a  fine  powder. 
It  lubi  akt)  iH'fn  found  that  same  sulphur  may  be  lo^t  by  long 
grinding  of  a  sample  of  pyrite. 

The  effect  of  grinding,  therefore,  accounts  for  many  cases 
of  divergf-nt  results  obtained  In  the  hands  of  different  chemists 
who  have  an.H.lyzcd  the  same  original  material. 

The  Use  of  Cupferron  in  Quantitative  Analysis. 
Cupferron,  CcHo — N — N — ON'H«,  is  a  short  name  for  the 

0 
funmonium  salt  of  nitrosophenyl  hydrox}'lamine.     O.  Baudisch  i 
first  suggested  its  use  as  a  reagent  for  the  quantitative  precip- 
itation of  cupric  and  ferric  ions.     By  means  of  cupferron,  it  ia 

■  The  Analyiiifl  of  Silicate  and  Carbonate  Rocks,  Dull.  422,  U.  S.  Ocol. 
Survey.  , 

t  Sveriger  Geol.  UnilorsJiknuiK,  Ar^olc  1  (1907). 

J  J.  Am.  Chein.  Soc.  »0,  1120  (1908). 

GO.  Baudisch,  Cheni.-Zt«.,  S3,  1298  (1900);  Baudiach  and  Kinc  J. 
Ind.  Ens.  Chem.,  S.  G29  (1911). 
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poeeible  to  precipitate  quantitatively  copper,  iron  and  titanium 
from  strongly  acid  solutions  and  in  this  way  n  num))er  of  sep- 
arations may  be  arcomplishL-d  wliirh  othfnvi«!  involve  con- 
8idcral>U>  difficulty.  The  coppi-r  salt  ih  gray,  the  ferric  salt 
red  and  the  titanium  salt  yellow. 

As  a  pmcipitant  for  copper,  the  roagtmt  apparently  offers 
no  special  advantages,  and  when  silver,  lead,  mcrcuiy,  tin  or 
bismuth  are  present,  these  elements  rontaininatc  the  precipi- 
tate to  some  extent.  On  the  other  hand,  in  the  rami  of  irrm 
and  titanium  it  is  wry  useful  to  poaaesa  a  reagi^it  which  will 
preci[utatc  theae  elements;  <iuantitatively  from  acid  snlittians 
without  contamination  from  aluminium,  chromium,  manganese, 
nickel,  cobalt,  zinc  or  alJcnimc  earth  metal.  Titanium,  zirconium 
and  thorium  arc  also  precipitated  by  cupfcrron.*  The  advan- 
tages of  cupferron  for  effecting  separations  has  been  pointed  out  by 
a  number  of  chemista.t 

Cupferron  is  readily  ralublc  in  water  and  the  animoniacal 
solution  kwps  well.  Tl»e  reagent  is  not  vcrj*  stable  in  acid 
solution.s,  particularly  in  hot  solution  or  when  an  oxidizing 
agent  is  prfsent.  Bj-  oxidnlion,  nitrosolx-nzene  is  formed  and 
its  presence  can  be  detected  by  the  peculiar,  sweetish  odor  in 
nearly  every  precipitation  with  cupferron.  ^^^len  much  niiro- 
sobenzeno  is  formed  it  .«scparate.s  out  in  the  form  of  wliite  needles. 
I*recipitation  with  cupferrtm  is  always  effected  in  cold,  acid 
solution  and  an  exrrjw  of  the  reagi-nt  m\\A\  lie  used.  The  pre- 
cipitate is  stable  ns  long  as  an  excess  of  cupferron  is  pre8(?nt. 

When  iron  and  copper  an'  precipitate<l  together  by  means 
of  cupferron,  wa-ihing  with  ammonia  serves  to  remove  the  copper 
and  the  excess  of  cupferron;  it  also  aeni«  to  convert  the  iron 
precipitate  into  ferric  hydroxide,  in  which  form  it  in  more  readily 
con%-erted  into  ferric  oxide  on  ignition.  In  the  ammoniacal 
solution  of  the  copper  precipitate,  the  coppiT  is  again  precipitated 
upon  the  atlditiun  of  acetic  acid  and  hy  washing  with  one  per 

•  Hchiw.ler.  Z,  anorg.  Chem.,  78,  W)  (lOll). 

I  NiiDM-iw.n.  7..  AiiKRw.  Chem.,  U.  WiO  (IDIO);  RilU  ami  Hodtk*.  Z. 
arrorit.  Chem,,  M.  426  <19I0);  Hamw  an<t  S.«ikiif>.  ibiV/.,  «H,  fi2  (1910);  R. 
FrewQiufl.  Z.  nnal.  Chem.,  M,  '■i!>  IIDHK  IMItm-i  and  Cinumi,  Gux.  chbn. 
i'jil.  U,  I,  570;  Thornton,  Am.  J.  Soi.,  J7.  173  an<]  407  (IIIM). 
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cent,  sodium  carbonate  solution  the  cupferron  may  be  removed 
from  the  copper. 

The  manner  of  preparing  the  reagent  and  four  methods  illua- 
trating  its  use  will  be  described. 


Preparation  of  Cupferron.* 

Cupferron  is  prepared  from  ^-pbenyliiydroxylamine,  ammonia 
and  amyl  nitrite. 

Preparalion  of  ff-Phenylhydrozylamtne. — Place  8  liters  of 
water,  500  gniK.  of  nitrobenzene  aiu\  250  giiiH.  of  ammonium  chlor- 
ide in  a  4-gaUon  earthenware  jar.  Stir  the  mixture  rapidly  to  an 
emulsion  by  means  of  an  effuncnt  mechanical  stirrer  and,  while 
still  stirring,  t«ift  into  the  mixture  G70  gnis.  of  zinc  dust  (75  to 
80  per  cent.  Zn)  during  the  course  of  fifteen  to  twenty  minutes. 
To  obtain  a  good  product  it  is  advisable  to  keep  the  temperature 
below  20°  by  the  addition  of  sliaved  ice. 

After  the  zinc  dust  tias  been  added,  continue  stirring  for  about 
fifteen  minutes  when  the  end  of  the  reaction  is  indicated  by  the 
fact  that  the  tcm!>erature  of  tlie  mixture  nu  longer  rises.  Continue 
stirring  another  five  minutes  and  then  filter  off  the  insoluble  zinc 
oxide  with  the  aid  of  suction  and  wash  with  about  one  liter  of  water. 
Sftturat*  the  filtrate  with  sodium  chloride  and  cool  to  nearly 
0*.    Filter  with  the  aid  of  suction  and  dry  between  filter  papers, 

As  phenylhydroxylamirie  solutions  are  active  skin  poisons> 
the  hands  and  face  should  be  washed  with  water  anci  then  with 
alcohol  in  case  any  solution  spatters  on  them. 

Prcparatioa  of  Cup/crron.— Weigh  the  moist  cryittals  obtained 
by  the  above  process  and  dissolve  them  in  three  Utere  of  ordinary 
ether.  Filter  through  a  dry  filter  into  a  6-hter  round-bottomed 
flask.  Weigh  the  insoluble  residue  (sodium  chloride)  to  determine 
the  quantity  of  dissolved  jS-phcnylhydroxylamine.  The  flask 
ehould  be  fitted  with  a  mechanical  stirrer  and  be  immcniied  in  an 
icc-aalt  bath.  When  the  temperature  has  fallen  to  0°  pass  a 
rapid  stream  of  dry  ammonia  gas  through  the  solution.  After 
about  fifteen  minutes  add  the  theoretical  quantity  of  freshty- 

*  Marvel  aud  KaDuti,  J.  Am.  Cbcm.  Soc,  41,  276  (1010);  cf.  Baudiacli, 
loc.  oit.  fA 
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distilled  amyl  nitrate  (107  gms.  per  100  gms.  of  |3-pbenylhy- 
droxylatninp)  slowly  through  a  dropping  funnel.  The  additioo 
of  amyl  nitrate  usually  requires  about  thirty  minutes,  during 
which  time  the  stream  of  ammonia  gas  should  be  continued  in 
order  to  make  sure  that  an  excess  of  ammonia  ia  alwaj's  present. 
If  thiK  precaution  is  not  obscr\'cd,  a  colored  product  will  reetult. 
The  temi>craturo  of  the  reaction  mixture  sliuuld  l>e  maintained 
below  10°;  this  is  controlled  best  by  the  rate  of  adding  the  amyl 
nitrite. 

After  all  the  amyl  nitrite  has  ^tcen  added,  continue  stirring 
alwut  ten  minutes  longer  to  insure  completion  of  the  reaction. 
Filter  «IT  the  cupfcrron  and  wsisli  several  times  with  small  por- 
tions of  fresh  ether.  Spread  on  sheets  of  61ter  paper  until  all 
ether  is  volatilized.  Keep  a  closely-stoppered  Ixjttlo.  containing 
a  small  lump  of  ammonium  carlKmate  placed  upon  a  doubled  sheet 
of  Biter  paper,  on  top  of  the  cupfcrron. 

1.      THE   PETERMINATION  OP  IRON   IS  MAN0ANB3B  ORES, 

Principle. — *\fler  effecting  the  solution  of  the  ore,  the  iron 
is  precipitated  in  acid  solution  by  cupfcrron.  The  filtrate-  then 
contains  all  the  aluminium,  chromium,  manganese,  nickel,  cobalt, 
zinc  and  alkaline  earths.  After  the  removal  of  any  of  these 
elements  that  may  be  present,  by  washing  the  pn-cipJLate  with 
cold  water,  the  organic  matti^r  is  rcmo\x>d  and  tho  iron  con- 
verted  into  ferric  hydroxide  by  washing  the  precipitate  with 
ammonia,  and  the  iron  is  weighed  as  FesOa. 

Procedure. — About  1  gm.  of  the  finely  pulverised  ore  is  dis- 
solved in  concentrated  hydrochloric  acid,  sp.  gr.  1.2,  and  the 
solution  evaporated  to  dryness.  Tlio  n-sidue  ia  moisteneil  with 
strong  hydrochloric  acid,  the  solution  dilutctl  with  water,  boiled 
and  filtered.  The  residue  is  fused  with  so<Uum  carbonate  in 
a  coven-d  platinum  crucible-.  &nd  after  the  fusion,  the  melt  is 
taken  up  in  water  and  hydrochloric  aciil.  The  solution  is  evap- 
orated to  dryness,  and  after  tho  n-moval  of  the  silica  in  tlie 
usual  manner,  the  filtrate  is  added  to  the  main  solution.  Tlje 
colli  solution  is  then  ta'ated  with  a  solution  of  about  3  gms. 
cupfcrron  iu  50  c.c.  of  cold  water,  a<lded  in  a  fine  sta-am  dowa 
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the  sides  of  the  bealccr  while  tho  solution  is  beinR  vigorously 
stirred.  A  brownish  rod,  ptirtly  amorphous  ami  partly  crystal- 
line precipitate  of  the  ferriir  salt  separates  out.  As  soon  as  a 
drop  of  the  reagtmt  eauses  the  fonnatioa  of  a  snow-white  pre- 
cipitate of  nitrosophenylhydroxylamiiie,  all  the  iron  is  precip- 
itated. A  slight  excess  of  the  ncagent  is  added  and  the  solution 
allowed  to  stand  about  10  minutes,  after  whieh  it  is  filtered 
through  an  aahlpjM  paper,  uang  eentle  suetion.  In  ca-«;  the 
last  partirlos  of  the  precipitate  cling  tciiaciuualy  to  the  beaker, 
a  little  ether  i.^  ailded  to  loosen  them  and  the  ether  removed  by 
adding  a  little  boiling  water.  The  precipitate  is  now  washed 
with  cold  water  until  the  wasliings  are  no  longer  acid  to  litmus 
and  then  with  ammonia  (sp.  gr.  0.96)  to  remove  the  excess  of 
the  reagent  and  form  ferric  hydroxide.  The  filter  is  finally 
washed  once  mon-  with  cold  water.  The  precipitate  is  ignited 
carefully  with  the  filler,  avoiding  reduction,  and  weighed  as  FcjOa- 
Remark. — Following  this  procedure,  R.  Ftvseniii.i  •  obtained 
the  values  1S,23  per  cent.,  lS..1ii  piT  ctmt.,  and  18.03  per  cent. 
Ke  in  the  analysis  of  three  manganese  ores  .which  when 
analyzed  volumetric  ally  for  iron,  showed  respi^ctively,  18.25 
percent.,  1S.49  per  cent  ,  and  17.93  per  cent.  Fe.  The  manganese 
mav  be  determined  lu  the  filtrate. 
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2.      THE  UKTEnUL'^ATICN  OF  UAN'GAXEMB   IN'  FSKKO-M-iNG^NEitE. 

About  one  gram  of  the  material  is  dissolved  in  strong  hydro- 
chloric acid  and  the  re.'siduc  i-s  fused  witli  sadium  carbonate 
in  a  platinum  crucible.  The  product  of  the  fusion  is  extracted 
with  water  and  alcohol  h  added  to  reduce  the  manganate,  formed 
by  the  fusion,  to  hydrated  manganrsc  dioxide.  The  aqueous 
extract  from  the  fusion  is  filtered,  the  residue  is  dissolved  in 
hydrochloric  acid,  and  the  solution  added  to  that  obtained  in 
the  first  place.  The  iron  is  precipitated  with  cupfcrron,  as  in 
the  previous  method,  but  it  is  not  advisable  to  ad<l  the  ammonia 
wa-^hings  to  the  solution  on  account  of  the  organic  mat-erial  they 
contain.  In  the  filtrate  the  manganese  is  prcrcipitate<l  ait  described. 
on  page  122  and  determined  as  sulphi<le  according  to  page  123. 

liemark. — In  testing  this  method  U.  FrcRCnius  •   obtained 

•  Z.  anal.  Chetn.,  60.  S-l  (1911). 
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duplicAtc  valufsof  SI, 04  and  fil.Ol  percent.  Mn  as  compared  with 
81.01  And  SI. 17  by  the  basr  acetate  mcthcMi.  The  cupferron 
method  is  miirh  shorter  and  easier  to  carry  out. 

3.  THE    DETERMtNATIOM    OF   NICKBL  AND  COQALT   IN  AnS£HICAL 

SCLI^IDR    ORBS.* 

One  gram  of  the  sample  is  dissolved  in  concentrated  hydro- 
chloric acid,  which  is  saturated  with  hrominc,  and  the  solution 
evaporated  somewhat  to  volatilize  arsenic.  Ten  cubic  ocnti- 
meters  of  sulphuric  acid  (1  :  1)  are  added  and  the  solution  evap* 
orated  until  dense  fumes  are  evolved.  The  solution  is  diluted, 
heated  to  boiling,  and  hydrogen  sulphide  is  introduced  to  pre- 
cipitate the  moials  of  the  copp(.>r  group  and  any  rpmaining 
araenic.  In  the  filtrate  the  iron  is  pn^cipitatod  by  cupferron 
as  in  Method  I,  and  after  evaporating  the  filtrate  until  fumes 
of  sulphuric  acid  are  evolved,  the  nickel  and  cobalt  are  deter- 
mined (rlectrolyti rally  acconling  to  page  136. 

In  case  it  ia  desired  to  determine  the  arsenic  as  well,  the 
ore  is  cUawlved  in  ir>  r.c.  of  concentrated  sulphuric  acid,  and  the 
arsenic  is  precipitated  as  sulphide  by  passing  hydrogen  sul- 
phide into  the  hot  solution.  The  arsenic  is  separated  from  cop- 
per acconling  to  page  235  by  means  of  alkaline  sulpliidc,  the 
arsenic  sulphide  precipitated  in  the  filtrate  upon  making  it 
acid,  the  arsenic  sulphide  dissolved  in  concentrated  hydrochloric 
arid  and  potassium  chlorate,  ami  the  arsenic  dctennincd  as 
luagneiuum  pyroaraenate  according  to  page  206. 

4.  THB   DETER  MI  NATION-   OP  TITANIfM  ANR  ITS  SKPARATION  PROM 

IKON,   ALDUIMtIM   AND    PHOSPHORIC   ACID.f 

Principle. — The  iron  may  be  reduced  completely  to  ferrous 
salt  by  pas.'tiiig  hydrogen  sulphide  into  an  acid  i»oIutiun,  and 
then,  in  the  preeenc'e  of  tartaric  acid  which  prevents  the  pre- 
cipitation of  titanium,  ptvcipitated  as  ferrous  sulphidt'  in  aiuinuni- 
acal   solution,     .\fter  acidifying   and    boiUng  ofl   the   hydrogen 

■  n,  NiswnBoii,  Z.  angpw,  Clicm.,  tS.  WIO  (11)10). 

t  W.  M.  Tbumlon,  Jr.,  Am.  J.  Scieoce.  17,  407  (1014). 
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sulphide,  the  titanium  can  lie  prpclpitatrd  quantitatively  by 
means  of  cupfcrmn  wliilu  the  aliiminiuni  ami  phosphoric  acid 
remain  in  the  tiirlaric  acid  solution.  It  is  unncressan,*  to  remove 
the  organic  matter  In-forc  ij^iiiiinK  the  yellow  titanium  precipitate. 
Procedure. — To  tlie  solution,  which  should  have  a  volume 
not  gn^atcr  than  100  c.c,  at  baat  four  times  as  much  tartaric 
acid  is  atlded  an  coriVHpunds  to  tliu  welj^lit  of  the  oxides  of  iron, 
titanium,  aluminium,  and  phonphonis.  The  solution  is  ncutral- 
iied  with  ammonia,  acidified  with  3  c.c.  of  sulphuric  acid  (I  :  1) 
and  hydrogen  sulphide  i«  introduced  until  the  solution  Ix^comes 
colorVsa.  Unless  the  iron  is  all  reduced,  the  subsequent  pre- 
cipitate of  iron  sulphide  will  contain  some  titanium.  Ammonium 
hydroxide  is  now  added  in  considerable  excess  and  the  iron 
is  completely  precipitated  a.-*  ferrous  sulphide  by  introducing 
more  hydrogen  sulphide  gas;  the  solution  should  remain  alkaline 
to  litmus  paper.  The  ferrous  sulphide  is  filtered  off  and  washed 
with  water  containing  a  little  colorless  ammonium  sulphide. 
To  the  filtrate,  40  c.c-.  of  II2S04  (1  :  1)  are  added  and  the  lib- 
erated hydrogen  sulphide  h  expelled  by  boiling.  Wben  this 
is  accomplished,  the  solution  is  cooled  to  room  temperature,  di- 
luted to  400  c.c, and  treated  with  an  excess  of  6  percent,  cupferron 
solution,  which  is  added  slowly  down  tlic  sides  of  the  beaker 
while  the  solution  is  being  well  stirred.  After  the  precipitate 
has  subsided,  the  supernatant  liquid  is  tested  by  adding  more 
of  the  cupferron  solution.  A  white  precipitate  of  nitroso* 
phenylhydroxylamine  indicates  that  nn  e.\cess  of  the  reagent 
is  present  but  a  yellow  turbidity  shows  that  the  precipitation 
of  the  titanium  is  incomplete.  U  is  also  well  to  test  the  filtrate 
in  the  same  way.  The  precipitate  of  the  titanium  precipitate- 
is  collected  on  filter  p.iper.  using  gentle  suction,  and  washed 
twenty  times  with  nonnal  hydrochloric  acid  solution.  The 
precipitate  is  then  ignited  cautiously  in  a  plotinum  or  quarti 
crucible  imtil  the  organic  matter  is  all  consumed.  Finally, 
it  is  heated  to  constant  weight  over  a  Mdkcr  burner  and  w^ghed 
asTiO]. 
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The  Deteimination  of  Titanium  Dioxide  in  Titanium-Iron  Ore. 

Most  titanium  ores  arc  very  difficultly  soluble  in  the  usual 
solvents.  The  analysis  of  these  ores  is  also  complicated  by  the 
fact  that  aqueous  solutions  of  titanium  salts  readily  undergo 
hydrolyas,  jpartly  on  account  of  the  amphoteric  character  of 
titanium  dioxide  and  partly  because  of  the  insolubility  of  tliis 
oxide.  If  sodium  titanatc,  Na2Ti03,  is  prepared  by  fusion  with 
sodium  carbonate,  it  undergoes  hydrolysis  when  treated  with 
water  and  an  acid  titanatc  of  sodium  is  precipitated,  e.g., 
2Na20-9TiO2-5H2O.  This  acid  titanate  is  soluble  in  hydrochloric 
acid,  sp.  gr.  1.12,  but  if  the  solution  is  diluted  and  heated  to 
boiling,  hydrolysis  takes  place,  as  with  any  other  salt  of  titanium, 
and  metatianic  acid,  H2TiO;j,  is  precipitated.  A  method  for 
determining  titanium  after  fusing  with  sodium  carbonate  and  dis- 
Bolving  the  sodium  titanate  in  hydrochloric  actd  has  already 
been  given  (p.  118). 

One  of  the  best  methods  for  attacking  titanium  dioxide,  or 
an  insoluble  titanium  ore,  is  based  upon  the  fusion  of  the  ore 
with  potassium  acid  sulphate.  This  converts  titanium  into 
titanium  sulphate,*  (TiS04)2,  which  is  soluble  in  cold  water. 
Potassium  acid  sulphate  melts  at  about  200°  and,  on  further 
heating,  is  easily  decomposed  into  potassium  pyrosulphate, 
K-tSzO?: 

2KHS04  =  K2S2O7  +  H2O, 

which  melts  at  a  little  over  300°.  Upon  raising  the  temperature 
sufficiently,  it  is  easy  to  transform  the  potassium  pyrosulphate 
into  normal  potassium  sulphate,  which  melts  at  about  1050*. 
Between  these  last  two  temperatures,  sulphuric  acid  is  avail- 
able for  attacking  insoluble  oxides  of  iron,  aluminium  and 
titanium: 

Ti02  +  2K2S207  =  TiCS04)2+2K2S04. 

'Titanium  9iilt}hnt<^  shows  a  (eiulenry  to  form  complex  iona.  Thua 
Wanen  (Pogg.  Ann.,  102.  n<l  (1S.J7)  ohtaine<i  the  salt  K,Ti(SO.),  aft«r 
hliing  with  polaHsiiini  arid  aulpliate.  Sec  alino  S<Jiuttc,  Z.  anorg.  ChcoL, 
M,  239  (1901). 
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If  the  temperature  is  raised  too  liigh.  however,  TiOj  may  be 
fonnt'cl  aiifun,  as  is  the  case  in  lioatinK  ihc  residue  after  the 
removal  of  alica  with  hydrofluoric  and  sulphuric  acids: 

TiCS04)2=Ti02+2S03. 

Moreover,  if  the  heating  is  continued  long  enough  to  convert 
alt  ihfi  pyrosuEphate  into  multen  potatisium  sulphate,  there 
IB  some  danger  of  the  crucible  bursting  upon  the  sulidificatiOQ 
of  the  melt.' 

When  potassium  acid  sulphate  is  decomposed  iiitu  potas- 
sium pyrosulphatc  and  water,  the  latter  is  liU-ratcd  at  a  tem- 
perature far  above  its  boiling-point.  Thcrc  is  danger  of  the 
contents  of  the  crucible  boiling  over  if  the  reuctiuu  takes  place 
too  quickly.  Before  making  the  fu^ou,  thcreforej  it  is  advisable 
to  heat  the  potassium  eulphate  by  itself  until  vapors  of  sul- 
phuric anhydride  begio  to  be  evolved.  A  low  flame  of  the 
Buuaen  burner  ia  suflacient. 

The  follovving  procedure  is  given,  not  because  it  gives  the 
most  convenient  or  the  most  accurate  method  for  determining 
titanium  in  an  insoluble  ore,  but  because  it  is  an  capeciaQy  good 
method  for  teacliiiif!  the  art  of  fueling  with  potassium  acid  sul- 
phutt!  to  advanced  utudeutn  in  quaniitalive  chemical  anaiyms. 
The  method  will  give  excellent  results  when  properly  carried 
out,  but  is  likely  to  give  too  low  ivhuUs  if  the  ore  is  not  entirely 
dccompoiied  by  the  acid  sulphate  fusion,  or  too  high  results  if 
the  titanic  iiU'latitanic  acid  is  not  puriflcd  sufficiently  and  washed 
fret;  from  alkali  salts. 

I*roc€fiure. — From  0.4  to  0.6  gm.  of  the  finely-ground  ore 
is  wciglicfl  into  a  platinum  crucible  and  fused  with  6  to  8  timca 
tta  weight  of  sodium  ciirlioimie  for  at  least  30  minutes.  The 
fused  mass  ia  extrajcted  with  hot  water  and,  wbei]  the  melt 
is  all  disintegrated,  the  solution  is  decanted  through  an  ashless 
filter  pa])er.  The  residue  ia  boiled  with  25  c.c.  of  normal  80<lium 
carbonate  solution,  transferred  to  the  filter,  and  washed  twice 
witii  dilute  sodium  carbonate  solution  and  several  times  with 
hot  water.     This  serves  to  remove  the  phoaphoric  acid  as  sodium 

*  H.  P.  Taltrot,  Quantitative  Chemical  Aoulysia.  Sth  Edition,  p.  4. 
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phosphate,*  and  to  canvurt  titanium  into  acid  sodium  titanatc; 
Ihf!  iron  is  left  with  the  tatanium  aa  insolublp  ferric  oxide. 

The  residue  and  filter  paper  are  igTiited  in  a  platinum  cru- 
ciblci  at  a  low  temperature  until  the  carbon  of  the  fdtcr  paper 
is  all  conRumcd.  From  12  to  15  part^  of  potassium  pyroaul- 
phate,  which  has  juat  been  prepared  by  heating  potassium  acid 
sulphate  until  all  the  water  is  cxpcUed,  are  a«jded  to  the  contents 
of  the  crucible  and  the  latter  is  very  carcfuUy  heated.  The 
temperature  should  be  kept  low  until  all  the  potassium  pyro- 
sulphalc  has  melted,  then  the  heat  should  be  gra^lually  iniTeosod 
until  sulphuric  acid  fumes  arc  noticed  on  removing  the  cover 
of  the  crucible.  At  no  time  should  dense  fumes  be  given  off 
from  the  covered  crucible,  but  it  will  be  necessary  to  raise  the 
temperature  from  time  to  time  in  order  to  keep  the  flux  melted. 
Occasionally  the  cover  of  the  cnicible  shrmld  be  rallied  to  see 
if  the  residue  has  di-ssolved  in  the  flux.  Sometimes  the  fusion 
can  be  accomplished  in  half  an  hour,  but  more  often  nearly 
an  hour  is  required.  Finally,  when  the  contents  of  the  cruci- 
ble are  at  a  dull  red  heat  and  there  Ih  no  hikii  of  undi.'wolved 
material,  a  coil  of  platinum  wire  Is  suspended  in  the  melt  and 
it  18  allowe<l  to  cool.  Wlien  cold,  the  fusion  is  then  withdrawn 
by  heating  ihc  sides  of  tlio  crucible. 

The  melt  is  suBju^ndcd  iii.  203  c.c.  of  cold  water  anil  IftO  c.r. 
of  saturated  Kulphurous  acid  solution,  and  allonx'd  to  stand  in 
a  cool  place  until  solution  is  complete,  stirring  from  time  to 
tiini'.  The  solution  is  usually  cfTecK'd  by  allowing  the  dilute 
acid  to  stand  over  night  with  the  melt  suspended  near  the  top 
of  the  liquid.  The  process  may  be  hastcaed  by  stirring  with 
a  mechanical  stirrer. 

If  necessary'  the  solution  is  filtered,  and  the  residue  treated 
mtb  sulphuric  and  hydrofluoric  acids  to  expel  silica,  fused 
with  mure  potassium  pyrosulphate,  and  the  melt  added  to  the 
Eolutiun  previously  obtained.  Finally  the  solution  is  diluted 
to  SOO  c.c,  in  a  large  beaker,  125  c.c.  of  acetic  acid.  sp.  gr.  1.04, 

*  Plio«<i)}i(tnr  aril]  iiilerferes  with  the  precipitation  of  melatilAtiiv  acid 
by  hydrolyHis.  It  IvikU  to  pr«;ipitat«  with  the  tiCMiiuiii  to  ootno  oxt«ot 
and  aUo  to  render  the  precipitation  iocornplvtc. 
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and  20  rhis.  of  ammomuin  acetate  are  added  and  the  solution 
is  tuiik'd  five  minutes.  Just  iH-fDn^  IwiilitiK  U-gins,  25  c.c.  more 
of  sulphurous  lurid  Hohitiim  aro  addt^d.  VVIicii  tlie  precipitation 
is  complete,  the  Iieakur  is  allowed  to  Btaiitl  iu  a  warm  place  for 
at  \vfufii,  liaU  an  hour,  ami  in  then  filtered  thruugh  a  9-cm.  filter 
paper.  A  aiplioii  is  nieariwhili'  pR'pared  wliich  is  long  enough 
to  extend  to  the  iMtom  of  the  beaker,  w-ilh  the  glaaa  tubing 
bent  upward  so  that  the  water  will  suck  into  the  siphon  from 
above  without  tlrawing  much  precipitate  with  it.  The  longer 
end  of  the  mphon  ia  eonncctetl  by  means  of  rubber  tubing  with 
a  short  piece  of  glafls  tubing  which  r*'«t3  justs  below  the  upper 
edge  of  a  9-cm.  washed  filur  paix-r.  When  the  precipitated 
mctatitanie  airid  hna  settled  to  the  bottom  of  the  bealu^r,  the 
su|x;rnatarit  Holution  is  siphoned  through  the  filter,  reirulat- 
ing  iho  flow  by  means  of  a  small  screw  clamp  placed  on 
the  abort  piece  of  rublwr  tubing,  a  little  way  above  tiie  funnel. 

The  precipitate  is  wa.-ihed  with  5  per  cent,  acetic  acid  until 
most  of  the  sulpb-ite  has  been  removed.  The  filter  and  its 
contents  are  ignited  at  flfl  low  &  temperature  as  passible  and 
the  fu-sion  with  potassium  pyrosulphate  \n  rrpcated.  This 
time  there  should  be  no  difficulty  in  getting  a  gooii  fusion.  The 
product  of  the  fusion  ia  treated  exactly  as  before,  but  the  residue 
is  now  washed  more  can-fully,  until  all  the  sulphate  has  been 
rouioved.   The  filtered  precipitate  is  ignited  and  weighed  as  TiOa. 


Petermination  of  Sulphur  in  Pyrite:    Fusion  with  Sodium 

Peroxide. 

The  Freaenius  method  (page  357)  has  long  been  accepted 
as  a  atantlard  method  for  determining  .sulphur  in  insoluble  buI- 
pludes,  but  the  procedure  is  long  on  account  of  the  necessity 
of  removing  all  the  nitrate  before  precipitating  the  sulphuric 
acid  ion.  If  the  analysis  is  carried  out  in  a  platinum  crucible 
ihc  oxidising  mixture  attacks  the  platinum  quite  badly,  which 
is  a  serious  objection,  especially  when  the  analysis  i.^  frequently 
made.  If  the  FrcKcntus  method  is  carried  out  in  a  nickel  or 
iron  crucible,  it  is  difficult  to  raise  tlio  temperature  sufficiently 
without  umng  the  blast  lamp- 
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It  has  been  repeatedly  shown  *  that  e<iually  satufactcty  results 
can  be  obtained  by  uang  sodium  peroxide  as  the  ojddiziog  Onx. 
Mon*ovcr,  the  anal>-sis  ran  he  aeeoniplisbed  in  about  two  hours. 

Procedure. — About  0.5  gm.  of  pyritc  is  mixed  with  5  gms.  of 
pure  sodium  peroxide  and  4  gooR.  of  sodium  carbonate  in  a  nickd 
or  iron  crucible.  An  opening:  is  cut  in  a  piece  of  asbestos  board 
(at  least  four  inches  square)  sufficiently  large  to  allow  two-thinla 
of  the  crucible  to  proiecl  below  the  asbestos.  The  purpose  o£ 
this  shield  is  to  keep  the  pro^lucts  formed  by  the  combustioa 
of  the  gas  from  reaching  the  mouth  of  the  crucible.  lUunUBating 
gas  often  contains  a  tittle  sulphur.  The  fusion  mixture  is  heated 
gently  for  ten  minutes  so  that  the  mass  softens  and  bakes 
together  and  then  the  temperature  is  raisf^l  until  the  crucible 
is  exposed  to  the  full  heat  of  the  Tirnll  burner  for  twenty 
uiinutea. 

The  contents  of  tho  crucible  arc  allowed  to  cool  and  are 
treated  with  150  c.c.  of  hot  water.  VMien  the  sodium  salts  aie 
all  dissolved,  the  crucible  is  removed  and  the  solution  is  treated 
with  5  c.c.  of  hydrochloric  acid,  sp.  gr.  1,2,  to  which  liquid 
bromine  has  been  added  till  the  acid  is  saturated.  The  pur- 
pose of  tlic  bromine  is  to  make  sure  that  the  oxidation  of  the 
nilphur  is  compLctc.t  It  is  necessary  to  add  acid  as  otherwise 
the  hot,  caustic  soila  solution  is  likely  to  destroy  the  filter  paper. 
After  beating  to  boiling,  the  solution  is  fUteird  and  the  residue 
of  ferric  hydroxide  is  washed  free  from  sulphate. 

The  filtrate  is  carefully  neutralized  with  &-normal  hydro- 
chloric acid,  sp.  gr.  1.12,  and  2  c.c.  of  this  acid  are  added  in 
exoesB.  Tlw  solution  is  heated  till  all  the  bromine  is  expelled, 
diluted  to  250  c.c.  and  the  suli^uric  acid  precipitated  by  adding 
verj-  slowly,  while  stirring,  a  slight  excess  of  hot  barium  chloride 
Bolutiud  (20  c.c.  of  normal  barium  chloride  solution  diluted 
to  100  ex.). 

•  W.  Hi-mprl.  Z  AnofR  CtiiTm ,  S,  103  (1803);  J.  CUrk,  J.  Chan.  80c. 
fiS.  1070  IlKO.^);  1l6bnH.  Arrh.  Pliiirm  .  £SS.  £22  C  GUwer.  Chcm.-Zt«., 
18,  Ills:  E-'oiimirr,  Itcvuc  g^nZ-mlt'  flo  rliiniU',  ptirn  rC  a)>pliqu6e,  1603,  77; 
List,  K.  anKLW.  Chcni.,  1603,  41-1. 

t  A  binrk  nwiJiH-  nitt)-  tlt>iintt<  ri^ntnu  eulphido  or  nickctiv  oxkk*.  U 
mny  l^  twioti  for  flulplnir  l>y  iliMolvittic  in  hydroebloric  add  and  brDmiDs 
■od  addtuB  barium  chlurHl"  to  liic  diluted  solutioa. 
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The  barium  sulphate  precipitate  is  washt^d  three  times  by 
decantation  with  hot  water,  then  traDsfermtl  to  the  filter  and 
washed  free  from  chloride,  dried,  ignited  and  we-ighod. 

If,  in  the  above  analysis,  the  aqueous  extract  of  the  soilimn 
peroxide  fusion  shows  manganate  or  permanganate  by  the 
color,  these  aubatances  may  Iw  reduced  by  the  addition  of  a 
few  drops  of  alcohol  and  boiling.  Often  the  reduction  of  the 
manganate  to  manganese  dicxide  causes  a  turbidity  in  the  fil- 
trate. This  does  no  haim,  as  it  dissolves  without  difficulty  ou 
making  the  solution  acid. 


A  Rapid  Method  for  the  Detenniiutioa  of  Sulphur  in  Ste«L 

Principtr.—Thti  methoil  depends  on  the  evolution  of  the 
sulphur  as  hydrogen  Kuljibidc  and  its  absorption  in  an  arnnioiiiacal 
cadmium  <Oilondn  solution,  followed  by  on  iodomctric  titration. 
As  alrearly  stated,*  it  has  been  shown  that  in  many  eases  some 
of  the  sulphur  in  iron  and  steel  is  not  cvolveil  as  hydrogt;n  sul- 
phide upon  treatmoJit  of  the  sample  with  hydrochloric  acid. 
This  fact  has  reeeived  niueh  attention  in  the  literature  and 
various  attempts  have  been  made  to  overcome  the  difficulty. 
Thus  T.  G.  Elliot.t  mixes  5  gms.  of  the  iron  or  steel  with  0.25 
gm.  of  anhydrous  potflMiiim  ferrocyanide,  -wTaps  the  mixture 
in  filter  paper,  place-s  it  in  a  covered  porcelain  crucible,  and 
anneals  for  twenty  minutes  in  a  muffle  furnace  heated  to 
TSC-SoO®.  The  sample  is  allowed  to  cool  slowly,  is  broken 
up  in  a  mortar  and  then  introdiired  into  the  evolution  flask. 
The  fact  that  this  annealing  of  the  sample  aervca  to  convert 
practically  all  the  sulphur  into  a  form  in  which  it  is  readily 
evolved  as  hydrogen  sulphide  has  l»cn  confirmed  by  other 
chemists. 

It  has  been  Bhown,J  however,  that  if  concentrated  hydr<v 


•  C(.  jJftKC  352. 

tCbero.  Nnvi>,  104,  208  (IfUl). 

jCf.  C.  Itetnh^i,  StaiA  u.  Eiicn,  10.  430  (ISOO);  W.  Sehmdltf.  Z. 
Ugew.  Ch«m.,  1898,  11;  W.  i^^chulte,  Slah)  u.  EJsen,  M,  S85  (1906)  aod 
B.  Kisder,  Udd.,  £8,  249  (1908J. 
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chloric  acid  Is  uswl  for  di!^<4olvmg  the  aample,  and  the  fiaznple 
18  dissolved  quickly  Triihoiit  lotting  air  enter  the  evolution 
flask,  there  is  rarrly  any  difficulty  in  ohtaiiiing  accurate  values 
by  the  rapid  evolution  prot^Hs  which  is  to  be  described. 

Besides  hydrogen  and  hydrogen  sulphide,  various  other 
gaaca  are  evolved  to  some  extent  when  a  sample  of  iron  or  steel 
is  disso^-cd  in  hydrochloric  acid.  To  pre\-ent  the  influence 
of  these  gases  upon  the  volumetric  determination  nf  the  sulphur 
oae  of  the  most  satisfactory*  expedients  is  to  absorb  the  hydrogea 
sulphide  in  an  ammoniAcal  solution  of  cadmium  chloride,  to 
filter  off  the  ri'dulting  precipitate  of  ca^lmium  sulphide,  to  dissolve 
it  in  acid  in  the  presence  of  iodine^  and  to  titrate  the  excess 
of  the  iodine  with  sodium  tbiosulphale  solution.  The  rcactioaa 
involved  are  expressed  by  the  following  equatioua: 

FeS+2HCl=FeCl2  +  Hj3 
MnS  +  2Ha  =  MnClj  +  HaS 
H3S  +  CdCNH3)«Cl3=CdS  +  2XH4CI  +  2NHa 
2KMnO*  +  J0KI+SH2SO4  =  6KaSO(+2MnSO4-i-8UaO+5l8 
CdS  +  H3S04  +  l2-CdS04  +  2HI+S 
l3+2\a3S30a  =  XajS409+2XaI. 

Kequlsite  Solutions. 

1.  Sodium  ThiosulpKale  Solution,  approximately  0.02  normal. 
This  is  prepared  by  dissolving  5  gms.  of  sodium  thiosulphato 
prj'stals  in  one  liter  of  freslily  boiled  water. 

2.  Permanganate  Solution,  approximately  0.08  normal.  It  ia 
prepared  by  di.-»olving  5  gms.  of  polasttium  pcnnatiganatc  ia 
2  liters  of  distillt^l  water,  allowing  the  solution  to  stand  some 
time,  and  then  fdtcring  througli  asbestos. 

3.  PotaHnium  loiiitle  Soluti4>n. — This  ia  prepared  by  dissolving 
30  gtns.  of  pure  potaasium  iodide  and  10  gma.  of  sodium  bicar- 
bonate in  a  little  water,  filtering  the  solution  if  necessary  and 
diluting  to  1  Uti;r, 

4.  SoiulAe  Starch  IndictUor  Solution. — About  0.5  gm.  of 
soluble  starch  is  dissolved  in  23  ex.  of  boiling  water.    Thia 


i 
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BolutioQ  is  more  stiible  tliaii  soluiioiiF  of  urdinary  potato  starch, 
and  it  is  mucU  ciisicr  to  prpparc.  Thn  solution  ia  n-ady  for  use 
as  MOon  as  it  is  cold.     It  usually  kreps  a  wi^ok  or  longtr. 

5.  AmnMniactd  Cadmium  Chlorifie  Solutwn. — 20  gma.  of 
eadmlum  cKlori^Io  are  dissolvpd  in  400  c.c.  of  water,  and  GOO 
c.c.  nf  ammonia,  sp.  gr.  O.flfi,  are  a«ldeil. 

The  solution  of  potassiara  pt-rmanganatr  ia  standardiiod 
against  Bodium  oxalate  (p.  507)  using  about  0.2  gm.  of  t!ui  salt. 

The  Bolution  of  sodium  thio.<mlphate  is  standardiacd  by 
taking  20  e.c.  of  the  potassium  iodide  solution,  ad«iing  25  c.c. 
of  sulphuric  acid  (l  '■  3)  and  allomng  exactly  10  c.c.  of  thp  per- 
manganate to  run  in  while  .stirring.  The  hbrrrated  iodine  is 
then  titrated  with  sodium  thiosulphate,  wlding  2  c.c.  of  the 
starch  solution  toward  the  lost. 

Apparatus.^X  simple  form  of  apparatu.*!  consists  of  a  2S0-c.c. 
round -bottomed  f!a.>jk  connected  in  scries  with  three  150-c.c. 
Erlenmeyer  flasks.  Each  of  the  flasks  is  fitted  wnth  two-holed 
rubber  stoppers.  The  second  hole  in  the  stopper  of  the  evolu- 
tion flask  carries  a  dropping  funnel,  the  end  of  which  reaches 
nearly  to  the  bottom  of  the  llask.  Earh  deliver}'  tulie  is  !)cnt  twice 
at  right  angles,  atarts  just  below  the  lower  bottom  of  the  rubber 
Stopper  in  one  Haak  and  leads  nearly  to  the  bottom  of  the  next. 

In  the  first  Eilenmeycr  flask  is  placed  50  c.c.  of  water  to 
remove  most  of  the  liydro<:hloric  acid  which  is  distilled  over. 
It  docs  not  almorb  &n  appreciable  amount  of  the  hydrogen  sul- 
phido  gas  bec&uuc  it  becomes  heat^ed  nearly  to  boiling  toward 
the  last.  The  second  Erlcnmeyer  contains  50  c.c.  of  the  cad- 
mium tiolution  and  the  third  25  c.c.  of  the  same.  The  hydrogen 
sulphide  is  usually  absorbed  completely  in  the  aocond  flask, 
but  the  third  flask  with  its  cadmium  solution  is  added  as  a 
precaution. 

i*Tocfdurf. — About  o  gnis.  of  the  Iron  or  rteol  is  weighed  into 
the  evolution  flask.  The  apparatus  is  connected  logethi-r  and 
it  is  made  sure  that  all  the  joints  aie  tight.  50  c.c.  of  concen- 
trated hydroeldoric  acid,  sp.  gr.  1.1'J,  are  placed  in  the  dropping 
funnel  and  about  half  of  it  is  allowed  to  flow  into  the  fljLsk.  If 
the  action  is  not  too  vigorous,  the  remainder  of  the  acid  Is  at 
once  added,  but  the  &top-cock  in  the  dropping  funnel  js  closed 
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while  thn  tube  is  8till  TulL  of  acid.  Thu  is  necessary,  because 
if  air  cntrra  the  floliition  thorc  is  danger  of  some  Iosm  uf  sulphur 
owing  to  oxidation.  The  evolved  hydrogen  serves  to  prevent 
this  oxtdniion,  provided  air  does  not  enter  through  the  funnel. 
The  dropping  fuiinc!  Ls  again  filled  with  50  c.c.  of  HOI,  and  all 
of  this,  except  enough  to  fill  the  stem  of  the  fuunel,  is  added. 

As  soon  as  the  rate  of  flow  of  the  gas  through  the  Erienmeyer 
flaska  becomes  lesa  than  about  3  bubbles  per  second,  a  very  low 
fiaine  is  placed  below  the  flask  and  the  flow  of  gas  is  maintained 
Bteadily  at  this  rate.  The  burner  should  be  furnished  with  a 
flame  protector,  as  otherwise  a  sudden  draft  will  cause  trouble 
with  the  Bmftll  Uame.  The  steel  sample  should  dissolve  in  about 
thirty  minutes,  but  it  is  not  advisable  to  heat  too  quickly  as 
this  will  result  in  too  much  acid  U'ing  carried  over  into  the 
first  flask.  At  first  tho  flame  beneath  the  evohuion  flask  should 
be  only  about  0.7  cm.  high  and  it  should  not  1m?  muL-h  over  4 
cm.  high  until  all  the  iron  has  dis-solvrd.  When  this  has  taken 
place,  the  height  of  the  flame  is  raised  to  about  7  cm.  and  the 
solution  is  boiled  gently  for  ten  minutes.  When  the  solution 
iK^ginM  to  boil,  the  stop-cock  in  the  separator}'  dropping  funnel 
may  Iks  ojM^ned.  This  boiling  serx'es  to  expel  ail  the  hydrogen 
tmlphidc  from  the  evolution  flask  and  from  the  first  Erieiimenyer 
flask.  It  is  unneeea8ar>'  to  pass  hydrogen  or  carbon  dioxide 
through  the  apparatus,  as  has  been  advocated  by  some  chemists. 
Finally,  making  auro  that  the  stop-cock  in  the  dropping  funnel 
is  oijeii,  th«  flame  Is  removed  and  tho  apparatus  promptly  dis- 
conneetcd. 

The  precipitated  rarlmium  sulphide  is  filtered  off  and  washed 
oneo  or  twice  with  water.  The  filter  and  precipitati*  an?  pbwcd 
in  a  2r»()-e.c.  Erlenmcyer  flask  containing  20  c.c.  of  the  ])otaa- 
eium  imlide  solution,  25  c.c.  of  sulphuric  acid  (1  :  .'{}  and  10 
c.c.  of  the  siandardiwd  permanganate  solution.  When  all  the 
cadniiiim  sulphide  has  dissolved,  the  excess  of  iodine  is  titrated 
with  the  mulium  thiosulphate  solution. 

Cnm/mUition.^U  10  c.c.  of  tho  permanganate  solution  — a 
gm.  of  pure  sodium  oxalate,  7*1  c.c.  of  thiosulphate  solution 
were  uai^d  in  titrating  10  c.c.  of  permanganate,  and  7*a  r.c.  for 
titrating  the  same  amount  of  {jemianganatc  used  in  the  analysis 
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of  a  sample  of  iron  or  steel  weighing  s  gms.  then  the  per  cent,  of 
sulphur  is  f^wcu  by  the  equation  of: 


aX 


cr,-r2)xioo_  23.93flt(7^-r2) 


Na2C204 


TiXs 


TiXji 


Tc3. 


flemarfc.— Massenez*  has  recotnmeiuled  the  direct  titration 
of  the  cacltuLutn  tiulpliide  prtx*ipitat«  with  ]iotas«iuiu  pci'iiian- 
ganatP.  The  ratlmiiim  solution,  without  filtfring  off  the  pre- 
cipitate, i.s hoilri!  thirty  niinut(":<  to  oxpol  hydro^^arbona  and  ia then 
rinsed  into  a  bcakor  containing  600  ex.  of  water  and  enough 
permanganate  to  ^vc  a  pink  tint.  Twenty-five  c.c.  of  sul- 
phuric aeid  (1:1)  are  added  and  the  liljcratod  hydrogen  sulphide 
is  titrated  with  permanganate. 

The  Detenninfttion  of  Chromium  in  Steeh 

A  small  quantity  of  chromium  is  a  common  constituent  of 
iron  and  btecl  and  in  some  of  the  alloy  vivAs  it  is  present  to 
the  ext«ut  of  several  per  cent.  Thu  siniptesl  and  most  rapid 
method  for  determining  thia  element  roiLsista  in  oxidising  it  to 
chromato,  adding  a  known  <|uantity  iif  ferrous  salt  and  deter- 
mining the  exeew  of  tiie  latter  l>y  titrating  with  standani  potas- 
fflum  pi;rmangariate.  A  gn-at  nmny  different  methods  have 
been  propofiinl  for  carrying  out  the  oxidation,  two  of  which  am 
very  rapid  and  give  aoouratc  results  will  be  described. 

Oxidation  by  the  Barba  Method,  t 

PrincijAe. — The  steel  ia  dissolved  in  dilute  sulphuric  acid, 
the  iron  is  oxidized  to  the  ferric  state  by  means  of  nitric  acid, 
and  tin;  chromium  is  oxidined  by  the  addition  of  strong  per- 
uianganatc  solution.  The  excess  cf  tlie  latter  is  destroyed 
by  boiling  in  ammoniaeal  solution,  the  Bolution  ia  acidified 
again,  the  precipitati'd  manganese  dioxide  filtered  off,  a  known 
volume  of  standard  ferrous  sulphate  solution  is  added  to  an 

•Staht  u.  Eisen.  82,  2080  (1912). 

t  J.  Iron  utnd  ijleel  IiistituU-,  1803,  ii.  SiV,;  The  Iroa  Age,  G«,  153. 
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aliquot  pikrt  of  the  fiUraU',  and  tlii'  iix(.t>K8  of  tlic  latU-T  is  titrated 
with  pcriTiMtiKanatir. 

Procedure. — Exactly  1.2o  gm.  of  sled  is  (Hesolvcd  in  20  c.c.  of 
G-Qormnl  Mulphuric  avid,  sp.  gr.  1.2,  and  wlii-ii  the  solution  is  com- 
plete, nitric  acid  is  addnd  drop  by  <lrcip  until  the  iron  ia  all  oxi- 
dized to  thr  ferric  slate,  five  pubin  ficnti meters  of  nitric  acid,  sp.  gr. 
1.2,  isHunieieiit  in  ruuit  cases.  Tbc  solution  in  boiled  to  remove 
nitrous  fumes,  diluted  to  150  c.c.  and  treated  with  5  c.c.  of  a  sat- 
urated sohitioD  of  potassium  permanganate  (6  gms.  per  lOO  c.c). 
The  solution  is  boiled  briskly  for  15  to  20  minutes.  It  is  then 
remm-ed  from  the  hot  plate,  the  sides  of  the  beaker  are  washed 
down  with  water  and  25  c.c.  ot  strong  ammonia  ane  poured  down 
the  sides  of  the  beaker.  The  liquid  is  stirred  vigorously  and 
then  placed  on  the  cooler  part  of  the  hot  plate,  for  if  it  is  heated 
too  rapidly  there  is  likely  to  be  loss  by  "  bumping."  The  diges- 
tion is  continued  with  oceoaional  stirring  for  fifteen  minutes, 
or  until  the  permanganate  is  all  decomposed  as  shown  by  the 
fliftappearancc  of  the  pink  color.  Then  20  c.c.  of  IS-normal  Ptil- 
pliurie  arid  arc  added  cautiuusily  and  tbi*  solution  is  heated 
to  hoilin;;.  It  is  transferred  to  a  230-c.c.  calibr&l'ud  Elaak, 
co(ili^)  to  room  temperature,  and  diluted  up  to  the  mark. 
After  thoroughly  mixing  by  pouring  back  and  forth  several 
times  into  a  <lry  beaker,  the  Holution  is  filtered  and  exactly 
200  c.c.  (corresponding  to  1  gm.  of  metal)  is  taken  for  the  rest 
of  the  analysis.  Fifty  c.c.  of  staudard  ferrous  sulphate  solution* 
is  aildcd,  and  the  excess  titrated  with  O.O&normal  perman- 
ganate!. 

Computation. — When  tho  ferrous  sulphate  solution  is  added, 
the  chromium  is  reduced  from,  cbromiu  acid  to  chromic  salt  in 
accortlance  with  the  following  equation: 

SCrOg  +  SFcSOi  4-  61 I2SO,  -  Crj(SO0a  +3Fea  (S04)a  +  6n,0. 

The  ferrous  sutphalc  solution  is  not  vcrj'  stable  and  should  be 
titrated  against  the  permanganate  at  thi<  same  time  the  ana]}-sis 

•  PftKO  1117,  foolnoW.  Tliid  Ih  ffltfUrient  in  rasp  tlm  fltecl  »lop«  not  i-on- 
Uin  more  thiui  iH  per  real.  n(  rhmroilim.  If  man-  ctirniRiiiin  than  ling 
]■  protent,  a  Am&iW  nliquot  part  at  tbd  •ulutmn  alitjuiil  In-  t.tl>cti. 
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is  made.  If  50  c.c.  of  the  ferrous  sulphate  sotution  arc  eqiuvalent 
to  Ti  c.c.  of  permnnganato,  of  which  1  c.c.=n  gin.  of  pure  sodium 
oxalate,  and  Ta  c.c.  of  ptTtnaiiganate  were  used  in  titrating  the 
excess  of  ferrous  sulphate  in  the  analysis  of  1  gm.  of  steel,  thcD 

2Cr-a{ri-r2)   100 


3Na2C204 


>25.86(i(Ti-7'a)=%Cr. 


P 


Oxidation  by  Sodium  Bismuthate. 

1000  c,c.  of  tenih-normfil  pprmriiigaiiii)p=  1.733  gnw.  Cr, 
Principle. — Sodium  bismuthate,  NaBi();i,  is  often  used  for 
oxidizing  mangunese  from  the  bivalent  to  acptavalcnt  condition 
(cf.  p.  617).  This  oxidation  takr-s  place  best  in  a  cold  sohHion 
containiag  20  to  -10  per  cent,  of  nitric  arid  {froc  from  nitrous 
acid)  in  a  volume  of  SO  to  100  c.c.*  Moreover,  an  exreds  of 
sodium  bismuthate  should  he  present  and  the  solution  must 
not  stand  long.  Under  these  conditions  scareifly  imy  chromium 
is  oxidized  so  that  the  mangannw  may  be  detcrniincd  Iiy  ttie 
bismuthate  method  even  when  cbrumiuui  is  prcscntf  If  the 
solution  is  hpat<'d  to  boiling,  the  pcnnan^aiiato  {h  dcconiposed 
and  the  manganese  is  prciripitatcd  as  manganese  dioxide.  Chro- 
mium, on  tlur  (ither  hand.  Is  oxiiUied  in  Iiot  solutions  from  the 
trivalent  to  the  sc^xavalcnt  condition  and  the  chromic  acid  13 
not  dccompaseil  hy  boiling,  unless  some  rrducing  agent  la  prcaent. 
In  hot  solutions,  therefore,  it  is  pos.-^Ihlc  to  oxidijie  the  chromium 
hy  sodium  hismuthan-,  to  filter  oflf  the  pn-cipitaled  manK<^<^^ 
dioxide  and  todetcnninc  the  chromium  in  the  filtrate  by  adding 

'  Williiiin  llliini,  J.  .Am.  Clieia.  Soc,  M,  1395. 

t  Thus  BluU-mL'nl  bus  been  nmdo  by  acvcrul  writcrE,  but  cnnaiderabk  cvi- 
deni^hiwnimimulatedtu  pmve  that,  aaonlinnrily  curriivlout  in  tho  inlx>nitory. 
the  biamtithiLtf  method  for  tEic  dotcrminiitinn  of  mn.ngan«»c  in  a  Bt«^I  oon- 
tiiiniiiK  chrcimiURi.  is  likely  to  [(ivc  high  results  due  ict  &  partial  oxiiljition  of 
cliromium  by  thu  bismuthiil«  If  thr  i-nai^ntta)  condiliona  with  regard  to 
tempLTulure,  avidity  aiid  lime  alluwvJ  for  the  completioa  ol  the  reacttoa 
arc  ndjiLstcd  very  cnrefully  it  is  |imhnbly  pcmible  to  got  areuralo  lutultM  io 
the  mnjigancse  det^-rmination  but  in  ordinary  practice  it  is  advLwhlc  to 
BTponite  the  mangBnene  and  chromium  by  prccijiilatiDg  the  latter.  Thid  can 
be  Hcrornplixhcd  sat isfncturily  by  nicjuut  uf  xinc  oxide  (H.  Volhard  method, 
p.  015).  The  cnanKancse  ran  then  bo  dctiTmiocd  by  the  bismutbatv  melbod 
ia  aa  aliquot  part  uf  the  filtrutc. 


DETERMINATION  OF  CHROMIUM  IN  STEEL.  857 

&  known    volume  of  fttancl&rd   frrroua   sulph&tc    solution    and 
titrating  the  excess  of  the  latur  with  prnnanganatc. 

Proeedure. — Two  grams  of  steol  an?  diasoh-ed  in  a  2S5-c.c. 
Erienmpyer  flaak  in  50  c.c.  of  nitric  actd  (sp.gr.  1.13=25  per 
cent,  conocntrated  nitrio  acid  by  volume).  U  there  is  any 
carlwnacoous  residue,  as  in  the  analysis  of  cast  irons,  it  should 
be  filtered  off  and  examined  for  rhramium  by  fusion  with  an 
alkaline  oxidizing  6iu.*  If  the  metal  \i  difBcultly  soluble  in 
nitric  acid,  it  is  sometimes  necessary  to  add  sulphuric  acid  to 
hasten  the  solution. 

When  the  sample  is  all  dissolved,  the  solution  is  cooled  to 
between  65*  and  75°  and  2  gms.  of  sodium  bismiithatr  are 
added.  The  contents  of  the  flask  arc  agitated  for  a  few  minuter 
and  then  the  sides  of  the  flask  are  washed  dovm  with  a  little  water. 
The  solution  is  heated  and  gently  botlod  until  the  permanganate 
formed  from  the  manganese  in  the  steel  is  alt  decomposed  as 
shown  l>y  the  color.  This  usually  requires  lUjout  fifteen  miuutes. 
Fifty  c.c.  of  nitric  acid  (3  per  cent,  by  volume)  are  added  and 
any  precipitated  manganese  dioxide  or  undissolved  sodium  bu»- 
muthate  is  filtered  off  on  an  asttestos  filter.  The  residue  is  waahed 
tlirce  times  with  50  c.c.  piirtioiifl  of  the  dilute  nitric-  acid.  The 
solution  is  cooled  to  room  temperature  by  running  lap  water  over 
the  flask  and  finally  diluted  witli  disiDlnl  water  to  500  c.c.  A 
mcaRurixl  excess  of  ferrous  sulphate  solution  f  is  added  and  the 
excess  titrated  with  permanganate.  ^ 

The  ferrous  sulphate  is  titrated  against  the  permanganate 
on  the  same  day  that  the  analysis  is  maile  and  the  same  quan- 
tities tA.  ferrous  sulphate  and  nitric  acid  are  used  as  in  the 
analysis.  The  coniputatitm  is  the  same  as  in  the  previous 
analysis.     The  chemical  reactions  involved  are  the  following: 

2Cr+6n*^-*2Cr+  +  ++3HiT 

2Cr+  +  *+3BiOr+4H*  — Cr20r+3Bi*  +  ++2H30  ^ 

CraOf  +  6Fe*  +  +  14H  *  —  6Fe*  +  +  +2Cr+ + + + 7H2O 

MnOr+5Fe*  +  +8H*-*Mn**+5Fe*+  +  +4HjO. 

*Cr.  p.  A7S.     ir  the  rarbotiarooufl  rtsittuc  fa  not  temovod  it  viD  mter^ 
fere  with  the  oxidatinn  of  the  chromtaia. 
r  Cf.  p.  617,  footitol«. 
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Detennination  of  Tungsten  in  Ores. 

Owing  to  inciraiwd  tpchnical  use.  of  tungsten,  the  need  of 
a  simple  ami  arpiirato  mothnd  for  the  qiiantitati%'e  estimation  of 
the  tungsten  content  of  ores  has  become  apparent  and  a  number 
of  methods  have  been  published.  In  1918  Dr.  W.  F.  Hillebrand 
of  the  U.  S.  Bureau  of  Standards  had  specimens  of  ferl>erite  and 
schtiolite  ore  carefully  prepai-ed  and  analyzed  at  the  Bureau  of 
Standards  and  by  seventeen  other  laboratories  in  different  parta 
of  lhe>!fliintr>-.  The  results  of  the  work  have  not  yet  been  pub- 
lished, but  several  of  the  methods  have  been  tested  under  the 
direction  of  the  translator  and  the  most  satisfactory  method  is 
given  here  in  tentative  form. 

The  results  of  the  eoUaborativc  work  have  shown  at  le-ast 
three  thinpi.  First,  it  is  clear  that  under  ordinarj-  working 
conditions  the  most  satisfaptorj'  method  for  decomposing  tungsten 
minerals  is  by  long  digestion  with  acid.  Tungstate.^,  like  phos- 
phates, arc  not  always  decomposed  satisfactorily  by  fusion  with 
sodium  carbonate  and,  moreover,  the  introduction  of  a  large 
quantity  of  sodium  salts  is  not  desirable.  Fusion  with  sodium 
carbonate  and  sodium  peroxide,  as  in  the  Closer  method  for 
analyzing  pyrite,  in  an  iron  or  nickel  crucible  i»  much  better  than 
fusing  with  sodium  carbonate  in  platinum.  Second,  it  is  extremely 
difficult  to  precipitate  the  last  traces  of  tungsten  by  repeated  evapo- 
ration to  dryness  in  acid  solution  (cf.  p.  289).  The  precipitation 
may  be  made  complete,  however,  by  adding  a  little  cinchonine 
hydrochloride.  Third,  methods  depending  upon  the  precipita- 
tion cf  mercurous  tungstate  arc  not  wholly  satisfactory  lxM:ause 
Other  mercurous  salts  are  likely  to  precipitate  and  cause  trouble. 

The  method  to  be  given  is  that  recommended  by  J.  A.  HolUday. 
It  depends  upon  the  decomposition  of  all  tungstales  by  prolonged 
treatment  with  an  excess  of  hydrochloric  acid  with  the  eventual 
addition  of  nitric  acid.  During  the  boihng  with  acid,  tungslic 
acid  anhydride,  'WO:t,  precipitates  and  at  the  last  the  precijjitation 
is  made  complete  by  diluting  and  adding  a  little  cinchonine 
hydrochloride. 

The  precipitated  tuugstic  acid  is  removed  and  dissolved  in 
HDunonla.    It  is  reprecipitated,  in  a  purer  form,  by  acid  and  da- 
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chonine  solution.  After  gentle  tgDitioa,  the  mixture  of  tuugsttc 
and  silicic  ariliyilrides  ia  weigbed  &wX  the  silica  removed  by 
treatment  with  hydrofluoric  acid. 

Mr.  M.  C.  Hawes,  workiDg  at  the  Massachusetts  Institute  of 
Technology,  obtained  excellent  reeulta  in  ana^zing  both  scheelite 
and  ferberite  ores.* 

Procedure, — Weigh  out  about  1  gm.  of  tlie  finely  ground  ore 
into  a  -100  c.c.  beaker.  Moisten  the  sample  with  5  c.c.  of  wutcr 
and  add  100  c.c.  of  concentrated  hydrochloric  acid.  Cover  the 
beaker  and  digettt  at  about  QQ°  for  at  lea^t  an  hour.  Stir  from 
time  to  time  tu  prevent  the  formation  of  any  crust.  Then  boil 
down  slowly  to  alxiut  50  c.c.  Add  40  c.c.  more  of  strong  hydro- 
chloric acid  and  20  c.c.  of  concentratcil  nitric  acid  and  cvaimratc 
to  ubout  10  c.c.  During  these  operations,  especially  when  fi^esh 
acid  is  added,  stir  the  material  at  the  bottom  of  the  beaker  so  that 
it  doea  not  become  enctutsted. 

Rinse  down  the  cover-glass  and  the  aides  of  the  beaker  and 
dilute  with  water  to  about  150  c.c.  If,  by  accident,  the  solution 
was  evaporated  to  dryness  during  the  alx>ve  treatment,  add  20  c.c. 
of  concentrated  hydrochloric  acid  and  10  c.c.  of  concentrated 
nitric  acid  to  the  residue  and  evaporate  down  to  10  or  15  c.c. 

To  the  diluted  solution  add  5  c.c.  of  einchotiinc  hydrochloride 
solution  (prepared  by  dissohnng  12.5  gms.  of  cincboninc  in  100  c.c. 
of  6-normal  liydruchloric  acid)  and  heat  on  the  hot  plate  for 
thirty  minutes  or  longer.  The  solution  sliould  be  at  a  tejniJcrature 
just  below  the  boihug-poiut  and  should  be  stirred  occasionally. 

Allow  the  tungstic  acid  anhydride  to  settle  and  then  decant 
the  solution  through  a  filter  which  contains  some  pulp  made  by 
digesting  ashless  iiltcr  paper  with  acid.  Wash  the  precipitate 
three  times  with  a  solution  containing  10  c.c.  of  the  above  cin- 
chonine  solution  to  a  hier  of  hot  water.  Then  transfer  the 
precipitate  to  the  filter  and  wash  with  this  samo,  diluted  cin- 
chonine  solutjon. 

Wash  the  tungstic  anhydride  back  into  the  original  beaker  by 
a  jet  of  water,  using  alwul  25  c.c.  of  water  to  accomplish  this. 
Add  6  c.c.  of  concentrated  ammonia  solution  and  heat  gently, 

*  Tho  moLttud  of  iirooedure  wu  obtuned  fn>m  W.  F.  lIiU«lHiuid. 
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with  the  beaker  covered,  for  about  ten  minutes  to  convert  all  the 
tungstic  acid  into  anunoniuiii  tungatate.  Rinse  down  the  sides 
of  the  beaker  with  hot,  dilute  ammoniacal  ammonium  chloride 
Bolution  (200  c.c.  of  concentrated  anxmonia,  800  c.c.  of  water  and 
10  c.c.  of  concentrated  hydrochloric  acid).  Stir  up  the  con- 
tents of  the  beaker  and  filter  through  the  same  filter  that  was  used 
for  the  previous  filtration.  Collect  the  filtr.ite  in  a  400  c.c. 
beaker  and  wash  the  original  beaker  and  filter  with  the  hot 
ammoniacal  solution.  The  presence  of  a  little  ammonium 
chloride  in  this  ammoniacal  solution  prevents  colloidal  silicic 
acid  from  passing  into  the  filtrate. 

The  residue  on  the  filter  is  usually  free  from  tungsten,  but  tfc 
should  be  tested  by  giving  it  the  same  treatment  as  that  of  the 
original  ore.  Ammonium  and  sodium  salts  tend  to  prevent 
the  complete  precipitation  of  tungstic  acid,  so  that  it  is  important, 
next,  to  remove  the  excess  ammonia.  After  this  has  been  evapo- 
rated off,  add  20  c.c.  of  concentrated  hydrochloric  acid  and  10  cc 
of  concentrated  nitric  acid  and  evaporate  to  about  15  cc. 
Dilute  with  150  c.c.  of  water  and  precipitate  the  remainder  of  the 
tungstic  acid  by  treatment  with  cinchonino  solution  as  described 
above. 

After  filtering  and  washing  the  precipitate  as  before,  ignite 
it  carefully  in  a  weighed  platinum  crucilile.  The  presence  of  the 
paper  pulp  causes  the  precipitate  to  form  a  porous,  friable  mass 
and  makes  it  easy  to  oxidixe  the  carbon.  If  the  ignition  is  made 
in  a  muffle,  the  introduction  of  oxj'gen  is  advantageous.  After 
burning  off  the  carbon,  at  as  low  a  temperature  as  possible,  weigh 
the  precipitate  and  correct  for  silica  by  the  usual  treatment  with 
hydrofluoric  acid. 

If  the  tungstic  acid  is  heated  over  the  full  flame  of  the  burner, 
some  of  it  will  be  lost  by  volatilization.  After  the  removal  of  the 
silica,  the  residue  should  be  heated  to  dull  redness  for  only  one 
minute.  Heated  in  the  muffle,  tlie  maximum  temperature  should 
not  exceed  8tK)°. 

To  teat  the  residue  Insoluble  in  ammonia  for  tungsten,  ignite 
it  in  an  iron  crucible  and  fuse  the  ash  with  a  small  quantity  of 
sodium  peroxide  mixed  with  a  little  sodium  carbonate.  Keduo 
iblu  metals  are  likely  to  ruin  a  pUtinum  crucible  if  the  residue  aod 
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61t«r  paper  are  heated  in  it.  Extract  the  melt  with  water  and 
filter.  Acidify  the  aqueous  extract  with  hydrochloric  acid,  and 
5  CO.  of  cinchonine  and  heat  for  several  hours  to  sec  if  any  yellow 
tun^stic  acid  anhydride  is  formed.  i 

The  ipiited  tungsten  trioxide,  WO3,  should  have  a  clean, 
lemon-yellow  color. 

The  Determination  of  Phosphorus  in  SteeL 

J.  O.  Handy'e  Mvtliod  u  mudi&ed  by  C.  M.  Jotuison.* 

For  years  chemists  have  been  accustomed  to  ubidk  an  acid 
sohition  of  ammonium  molybdate  for  precipitating  phosphoric 
acid  in  the  analysis  of  steel.  Thus  the  formula  of  Blair  and 
Whitfield  t  calls  for  100  gma.  M0O3,  80  c.c.  of  concentrated 
ammonia  solution,  400  c.c.  of  concentrated  nitric  acid  and  a  liter 
of  water.  Such  a  solution  has  to  be  prepared  in  a  particular 
manner  or  a  part  of  the  mclybdic  acid  will  remain  undissolved. 
Moreover,  satisfactory  resultJi  are  obtained  only  when  it  is  freshly 
prepared.  On  standiug  a  precipitate  forms  and  the  reagent 
becomes  less  sensitive.  This  leads  to  waste  of  a  relatively  ai- 
pensive  reajpent. 

Molybdic  anhydride  is  not  very  soluble  in  water  or  in  dilut© 
nitric  acid.  If  an  excess  of  nitric  acid  is  added  to  a  solution 
of  ammonium  molybdate,  a  supersaturated  solution  of  molybdic 
acid  is  obtained.  It  is  probably  more  or  less  colloidal  In  ita 
properties. 

AH  procedures  for  the  precipitation  of  phosphoric  acid  with 
such  a  reagent  have  laid  emphasis  upon  RettinR  the  phosphoric 
acid  solution  nearly  neutral  before  adding  the  reagent.  If  a 
neutral  or  slightly  nnimoniacal  solution  of  nramomura  molybdate 
is  used  as  reagent  the  results  are  satisfactory  if  it  is  added  to  a 
solution  of  phosphoric  acid  containing  nitric  acid  and  ammonium 
nitrate.  The  reagent  keeps  indcfinilety,  retains  its  strength  and 
reliability  as  a  reagent,  is  more  sensitive  as  a  precipitant  and  may 
be  added  to  solutions  having  a  fairly  wide  range  in  acidity. 

Tbe  Johnson  method  to  be  described  ia  a  modification  of  tho 

♦J.I.E.C.,II,1I3(10IO).  j 

t  J.  Am.  Chcm.  Soc.,  17,  760  (18U6). 
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Handy  method  (see  p.  588).  There  Ls  no  reason,  liowevcr,  why 
this  method  of  precipitating  phosphorio  acid  should  not  be  used 
for  other  procedures  such  as  the  analysis  of  apatite  or  the  deler- 
minatioD  of  phosphorus  in  steel  by  methods  depending  upon  the 
reduction  of  the  molybdenum  (of.  p.  (iH?).  In  such  cases,  how- 
ever, 'care  should  Ikj  taken  to  wash  the  precipitate  of  ammo- 
nium phosphomolybdate  with  appropriate  solutions;  the  use  of 
nitric  acid  and  potassium  nitrate  is  out  of  the  question  if  the  molyb- 
denum is  to  be  reduced,  for  nitrous  acid  is  formed  by  the  action 
of  zinc  on  nitrate  ions  and  reacts  with  permanganate. 

Solutions  REQriRED. 

SfanddTrd  Sodium  Hydroxide  and  Standard  Nitric  Acid. — If 
many  analyses  are  to  be  made,  it  is  convenient  to  have  these 
solutions  of  equal  concentration,  approximately  onc^ighth 
normal.  Since  1  c.c.  of  normal  sodium  hydroxide  is  equivalent 
to  0.001348  gm.  of  phosphorus,  if  a  sample  of  steel  is  taken  of 
which  the  weiglit  in  grams  is  13.48  times  the  normal  concen- 
tration of  the  so<lium  hydroxide  (and  nitric  acid),  the  per  cent,  of 
phosphorus  in  the  steel  can  Ijc  determined  by  subtracting  the 
volume  of  nitric  acid  (in  cubic  centimeters)  from  the  total  volume 
of  sodium  hydroxide  used  and  moving  the  decimal  point  two 
places  to  the  left. 

Dissolve  21  gms.  of  pure  sodium  hydroxide  and  0.1  gm.  of 
barium  hydroxide  in  2  liters  of  water.  Stir  the  solution  well, 
allow  it  to  stand  overnight  and  61tcr,  or  decant  off  the  clear 
solution  in  the  morning.  Dilute  the  solution  with  2  liters  more 
of  water  and  mix  thoroughly. 

Dilute  83  c.c.  of  6-normal  nitric  acid  (sp.  gr.  1.2)  with,  dis- 
tilled water  to  a  volume  of  4  liters  ami  shake  well. 

Titrate  the  two  solutions  against  one  another  and  dilute  the 
stronger  solution  until  both  solutions  are  equivalent.  Standardize 
the  alkali  against  pure  oxalic  acid,  using  phenolphthalcin  as 
indicator,  or  against  a  steel  containing  a  known  amount  of  phoe- 
phoruii. 

The  standardization  of  the  alkali  should  take  place  in  the 
cold,  exactly  as  in  the  analysis  of  the  precipitate.  A  slight 
error  is  introduced  by  the  action  of  carbonic  acid  in  the  air,  but  in 
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to  more  than  thiw  AtftniHr«ni  (\ftun«,  m  ihM  Iht*  i«m*  (it  w^^ 
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for  any  length  of  time.    The  outside  fold"of  the  filter  shoiJc 
have  DO  sour  taste  when  the  washing  is  Qiiished. 

Place  the  filter  and  precipitate  in  a  150-c.c.  beaker  and  add 
from  a  burette  enough  staadard  sodium  hydroxide  solution  to 
cause  the  yellow  color  of  tlie  precipitate  to  climppear  on  maacerat- 
ing  the  filter  to  a  pulp  with  a  rubber-tipped  stirriDg  rod.  Dilute 
the  solution  to  alwut  3  c.c,  add  a  drop  of  phfinolphtholein  and 
titrate  carefully  with  nitiic  acid  until  the  pink  color  disappears. 

Analysis  of  Portland  Cement. 

The  American  Soricty  for  Testing  Materials  has  adopted  a 
standard  set  of  specifications*  for  Portland  cement,  including  its 
physical  and  chmiical  testing.  The  chemical  methods  rccora- 
mendeil  were  thaso  formulated  by  a  Rommlttoo,  who  ma<lc  a  special 
study  of  this  analysis.f  Thr  following  directions  are  based 
upon  the  reimrt  of  (he  committee  but  the  procj'dure  has  been  modi- 
fied slightly  in  minor  details  and  no  atl;empt  made  to  rcproduoo 
the  same  wording.  This  scheme  of  analysis  is  added  partly  because 
of  the  technical  importance  of  Port.Iand  cement  and  partly  because 
it  has  proved  a  satisfactory  procedure  to  place  itx  the  hands  of 
studeuta  as  rcpresentjitive  of  a  complete  analysis. 

The  mode  of  procedure  adopted  by  the  .ibnvc-mcntioned 
committee  called  for  two  evaporations  for  the  rcm<»val  of  the  silica. 
In  the  discussion  of  the  method,  however,  it  was  pointed  out  that 
by  heating  the  residue  at  120*,  not  correcting  for  impurities  by 
the  hydrofluoric  acid  treatment  and  not  correcting  the  subsequent 
precipitate  formed  by  ammonia  for  small  traces  of  silica,  results 
are  obtained  which  are  within  the  permissible  analj-tical  error  of 
the  correct  value.}  In  fact,  by  this  more  rapid  method,  a  com- 
pensation of  errors  takes  place  and  the  results  are  better  in  many 
cases  than  if  the  same  operator  attempted  to  carry  out  theanalysis 
with  the  utmost  precision  possible. 

I     The  comnuttee  also  recommended  the  use  of  platinum  dishes 
and  platinum  crucibles  as  far  as  possible.    The  advantages  gained 

•Proc.  Am.  Soc.  Testing  Matt-rifJa,  12,  301-28  (1912). 
tJ.  8oc.  Chan.  Ind.,  SI,  12  (1902);  Eng.  News,  SO,  80  (IBOfl);  EDg- 
RaKPid,  48,  4G  (1903). 

X  This  etatcmeDt  dova  uot  dpply  to  rock  ftnalysii. 
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are  obvious,  but  the  price  of  plHtitium  hjui  bccx>me  no  hiffh  thnt 
it  is  the  duty  of  every  practiciil  cLcitiJst  to  uvoid  llie  utw  of 
platinum  utcusUd  wliercver  possible.  The  erroni  introduceil  by 
using  porcelaiu  Instead  of  platinum  are  iiisigniricant  in  most  cmu, 
although  greater  cu.re  must  be  taken  to  allow  cmciblcK  to  coot 
before  placing  them  m  ilefliccators,  and  a  longer  time  ebould 
elapse  before  weigluug. 

The  following  directions  call  for  dissolving  Iho  ferric  and 
aluminium  hydroxideti  In  oitric  ucid  instead  erf  hydrochluric  odd. 
Tlii^  has  the  lulviintnge  of  making  it  easier  to  watih  the  puM^ond 
precipitate  of  hydroxides  and  the  presence  of  ummoniuni  nJlmto 
is  favorable  during  the  ignition  of  ferric  hydroxide,  whereas 
ammonium  ctiluride  reads  to  fonii  ferric  chloride  whirh  it  volatile. 
If  the  chlorine  content  is  not  too  high  it  in  also  caincr  to  woali  tha 
calcium  oxalate  precipitate;  here  the  presence  of  a  Utile  chloride 
causes  tlie  ignited  precipitate  U}  be  very  hygroAcopio. 

The  original  directions  call  for  two  precijittations  of  the  calcium 
and  for  two  predpitationa  of  magnesium.  This  is  unowentiol 
in  the  commercial  testing  of  Portland  cement  provided  the  condi- 
tions recommended  are  carefully  (ullillud. 

Procedure. — Weigh  0.5  gm.  of  cerneot  into  a  250-c.c.  poro^ 
lain  cancrolc,  moisten  with  40  c.c.  of  water  and  add  20  c.r.  of 
ft-normal  hydrochloric  acid  (ep.  gr.  1.1)  breaking  up  with  u  stirnng- 
rod  any  lumps  that  foniL  Cover  the  casserole  with  a  watcb- 
l^flM  and  digest  about  fifteen  miiuites  on  a  hot  plate  until  Uw 
cnent  is  decomposed  comi^etely.  Remove  the  mrrr^asi, 
I  off  the  bottocn  of  it  witb  a  little  water  and  evsponte  to  d/y- 

i  oo  the  water-bath.  During  the  evaposmikm  hare  the  eoveiw 
cltNi  raised  above  the  top  of  tiie  casiiiroh  by  means  of  a  ifiam 
triangle.  Heat  the  eftsBerolc  and  drj  residue  in  a  hot  doset  at 
1  aO'' for  an  boor  or  more.  • 


pCMtkaly  inaiuUe  is  da«*  mUi^  TW  |  i  i  ■  i  u<  tU  aid—  rhliiriii 
frnsi  iti  isMmT  hrfr  """  '  *J '"  "  '  lis  pssthy  rf  itto  lit  famm 
■to  tht  St  mUaiM  it  iJirfiJMii  asi  mam  Am  hriiswid  ty  Ifcst  iiftliliii 
bwm  rli  ii^siii  Mil  ifiiTiu    Th*  mMm  AasM  Ml  h*  bsfcsl  lOT  tail 
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SlUcft. — Moisten  the  residue  with  10  c.c.  of  6-nonnal  hydro- 
chloric acid,  warm  slightly  and  add  150  c.c.  of  water.  Cover 
the  casserole  with  a  watch^lass  and  digest  ten  minutes  at  a  tem- 
perature near  the  boiling-poinl.  Filter  into  a  300-c.c.  beaker, 
wash  twice  with  2-nomial  hydrochloric  acid  and  then  with  hot 
water  till  free  from  chloride.  Transfer  the  moist  precipitate 
and  filter  to  a  weighed  porcelain  crucible  with  the  paper  folded  so 
that  the  precipitate  is  entirely  covered.*  Smoke  off  the  filter 
paper  at  a  tow  heat  without  letting  the  paper  take  fire  (cf.  p.  28). 
Finally  ignite  at  the  full  heat  of  the  M^^ker  burner  until  a  constant 
weight  is  obtained  of  a  perfectly  white  precipitate.  Report  as 
SiOa. 

Iron  and  Alumina. — Add  G-nonnal  ammonium  liydroxide 
(sp.  gr.  0.9lj)  to  the  hltrate  until  a  slight  excess  is  present  (about 
0.5  c.c).  Boil  the  solution  in  a  covered  beaker  until  only  a  faint 
onuuoniacal  odor  is  perceptible,  allow  the  precipitate  to  settle  and 
filter  into  a  4U0-C.C.  beaker.  Wash  once  by  decanLation  and  once 
or  twice  ou  the  filter.  Make  the  filtrate  acid  and  allow  it  to  evap- 
orate on  the  hot  plate,  while  rcprecipitating  the  Iroa  and  alumina. 

Wash  back  the  precipitate  into  the  original  beaker,  place  the 
beaker  under  the  funnel  and  dissolve  the  hydroxide  remaining  on 
the  filter  by  alxiut  25  c.c.  of  hot,  2-normal  nitric  acid.  Pour  the 
acid  in  5  c.c.  portions  along  the  upper  edge  of  the  paper  and  va&h 
once  with  hot  water  after  each  addition  of  acid.  Finally  wash  the 
filler  free  from  acid  adding  5  c.c.  of  2-nonital  ammonia  at  the 
last.  Preserve  the  filter  for  further  use.  Heat  the  nitric  acid 
solution  until  all  of  the  hydroxide  <lissolve-s,  dilute  to  1.50  c.c.  and 
precipitate  with  ammonia  as  before.  Filte-r  through  the  filter 
that  was  used  before  and  wash  the  precipitate  free  from  chloride. 
Ignite  the  preeipitato  wet  in  a  porcelain  crucible  and  weigh  as 
FczOa+AlaOsj  neglecting  the  small  quantities  of  Ti02,  PjOa  and 
MnaO^  which  it  may  possibly  contain  (see  p.  87).  Unite  the  fil- 
trate with  that  obtained  from  the  first  precipitate. 

Ferric  Oxide.— Transfer  the  ignited  precipitate  to  a  small 
beaker.    Dissolve  the  traces  that  remain  atihering  to  the  crucible 


*  The  dr)'  nlica  iJ  very  pulvcnilcDt  and  eaaily  lost  if  the  giucs  from  the 
paper  escape  too  violently,  kod  when  the  p«pcr  takes  An. 
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by  heating  small  portions  of  G-nt>rmai  hydrochloric  aciJ  in  it, 
finally  pouring  eath  portion  into  the  beaker.  Uao  20  c.c.  of  acid 
in  all.  Do  not  at  any  time  dilute  the  hydrochloric  acid  until  all 
the  iron  in  the  beaker  is  dissolved.  Heat  the  acid  with  the  imn 
and  aluiainium  oxides  at  about  90'*  until  all  the  iron  hajf  dts- 
BoIvcU  (cf.  p.  109).  Wlien  a  clear  solution  i^  obtained,  place  the 
beaker  ou  a  filter  and  reduce  carefully  with  stannous  chloride  (cf. 
p.  610).  Determine  the  Iron  contact  by  the  Ziminennann- 
Reinhardt  process  (p.  607).  Conipmte  the  per  cent,  of  FeaOj 
present  and  subtract  this  from  the  above  weight  of  the  oxides 
to  get  the  per  cent.  AJ2O3. 

Calcium  Oxide. — Combine  the  two  61tratcs  from  the  animo- 
nium  hydroxide  precipitjition.  Make  them  slightly  acid  with 
Ditric  acid  and  concentrate  to  a  volume  of  about  300  c.c.  Add 
1  gm.  of  oxalic  acid  and  ]in?cipitute  the  calcium  in  the  hot  sniutioa 
by  slowly  adding  haJf-noniial  axiunonium  hydroxide  during  five 
minutes.  When  the  precipitate  is  distinctly  granular,  remove 
from  the  source  of  heat  and  allow  the  precipitate  to  settle  for  thirty 
minutes  or  an  hour.  iRuite  the  moist  precipitate  and  weigh  as 
oxide  (cf.  p.  70),  as  sulphate  (p.  71),  or  as  carbonate  (p.  72).  The 
oxalate  can  l»e  converted  to  .sulpliate  or  carljonatc  in  a  porcelain 
crucible  but  it  is  uecessarj'  to  heat  over  a  good  burner  in  a  covered 
platinum  crucible  in  order  to  get  complete  conversion  to  the 
oxide.     A  Mfker  burner  is  desirable  for  this  purpose. 

Insrtcad  of  detcniiining  the  caleiuai  graviinetrieally,  it  is  equally 
accurate  to  detenninc  the  oxalate  in  the  precipitate  by  perman- 
g-inat*'  titration  (p.  (52;J).     Report  as  CaO. 

Magnesium  Oxide.— Acidify  the  filtrate  from  the  calcium 
precipitjition  and  eoncentrate  to  about  400  c.c.  Precipitate  the 
magne.'iium  by  the  Schmitz  method  (p.  67)  and  weigh  as  pyro- 
phosphate after  careful  ignition  in  a  jwrcelain  crucible.  Report 
the  per  cent.  MgO. 

Alkalies.— If  it  is  desired  to  determine  the  alkalies  the  J.  L, 
Smith  method  should  bo  used  (p.  496). 

Loss  on  Ignition. — Heat  0.5  gra.  of  the  cement  for  five  minutes 
io  a  platiniun  crucible  over  a  low  flante,  then  heat  strongly  for 
fifteen  minutes. 

Sulphuric  Anhydride.— Fuae»  in  an  iron  crucible,  0.5  gm.  of 
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cement  with  2  gma.  of  sodium  peroxide  and  an  equal  weight  of 
Bodium  carbonate,  protecting  the  contents  of  the  crucible  from  the 
flame  as  directed  on  p.  848.  After  the  fusion,  extract  the  soluble 
salts  by  treatment  with  hot  water.  Filter,  make  acid  with 
hydrochloric  acid  and  evaporate  to  dryness  on  the  steam  table. 
Moisten  the  residue  with  5  c.c.  of  6-normal  hydrochloric  acid, 
dilute  with  200  c.c.  of  water  and  filter.  Wash  thoroughly  and 
precipitate  the  sulphate  in  400  c.c.  of  boiling  solution  by  the 
addition  of  barium  chloride  (p.  469).  Filter,  ignite  _and  weigh. 
Report  as  per  cent.  S0».  , 
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SPECIFIC  GRAVITY  OF  STRONG  AOIDB  AT  ^  TN  VAODO. 

■ 

(According  U>  LiTN'aic,  laucH,  NAKr,  onii  MakculkwukyO* 

1 

(Vacuo). 

Per  Cant,  hr  Wclglal. 

Bci««Ma 
OnirUr 

CVmuh}. 

Par  Cant,  by  Welchl, 

Ha. 

HNO, 

HiBO.. 

UNO,.         H|BO«. 

1 

1.000 

0  16 

0.10 

0  09 

1.235 

37-51     I    31  70 

LOOK 

1   15 

l.OO 

O.05 

1  240 

3S  27 

32  28 

1.010 

2.14 

1.90 

1  57 

1.245 

39  0.i 

32  M6 

^^^ 

1.015 

3  12 

2  80 

2  3f  > 

1.250 

30  SO 

33.43 

1 

1.020 

4  13 

3  70 

3.03 

I.2.W 

40. 5B 

34  W 

■ 

1.026 

5  15 

4  m 

3  76 

1.260 

41.32 

34  67 

1.030 

6  15 

5.50 

4  49 

1  265 

42.08 

35.14 

1.035 

7.15 

0.38 

5  23 

1.270 

42.85 

35  71 

^^H 

1  010 

8  16 

7.28 

5  90 

1  275 

43  62 

36. 2B 

^^H 

1.045 

0  16 

8  13 

6  67 

1  280 

44  39 

36.87 

^^H 

l.OfiO 

10  17 

8  00 

7,37 

1.285 

45  16 

37.45 

^^H 

1.055 

11   18 

9  M 

8  07 

I  290 

45  93 

3ft. 08 

^^H 

i.ocn 

12  19 

10  a; 

8  77 

1  205 

46.70 

38.61 

^^H 

1.065 

13  10 

11   60 

9.47 

1.300 

47  47 

30.10 

^^H 

1.070 

U  17 

12  3-> 

10  10 

1.305 

48,24 

39  77 

1 

1.075 

15  10 

13  11 

10  00 

1.310 

40.05 

40  30             • 

J 

1.080 

10  15 

i;i  1H 

n  60 

1.315 

40.88 

40.08 

^^H 

l.tt^S 

17.13 

14   73 

12.30 

1  320 

50.69 

41.50 

^^H 

1.090 

18  11 

1.J  r,> 

12  99 

1  325 

51.51 

4208    . 

^^H 

1.095 

19  00 

U',  M 

13  67 

1  330 

52  :m 

42M 

^^H 

1.100 

20  01 

17  10 

14  36 

1  335 

53   17 

43  20 

^^H 

1.105 

20  07 

17  JW 

15  US 

I  340 

51  04 

43  74 

^^H 

1    110 

21  02 

IM  m 

IS  71 

1  315 

51  90 

44  28 

^^H 

1    115 

22  86 

I!l  44 

16  36 

1  350 

66  76 

44  K2 

^^H 

1.120 

23  H2 

20  22 

17  01 

1  355 

56.63 

4S  35 

^^H 

1    125 

2*  78 

20  90 

17  66 

1.360 

67  54 

45  88 

■ 

1    130 

25  75 

2i  76 

18  31 

1  365 

58.45 

46  41 

1 

1   135 

20  70 

22  53 

18  06 

1  370 

SO  36 

46.M 

1   HO 

27  06 

■a  M 

19  61 

1 .375 

60.27 

47  47 

1   H5 

2K  61 

24  07 

20  26 

1  380 

61.24 

4S  00 

1  ifin 

29  57 

24.83 

20  01 

1  385 

63  21 

48.53 

1  155 

30.55 

25  50 

21  M 

1.300 

63.30 

49  06 

l.ltiO 

31  52 

26  35 

22  19 

1  3M 

64.23 

49  60 

I  165 

32  49 

27  11 

22  N3 

1  400 

66,2, 

50  11 

1.170 

33  46 

27  t>7 

23  47 

1.405 

66.37 

50  63 

1.175 

34  42 

2S  02 

24  12 

1  410 

67  47 

51    15 

1   lt« 

35  39 

29  37 

24  76 

1.415 

08  no 

51  60 

l.l&S 

36  31 

31)   12 

25  40 

1  420 

M  77 

52  15 

1   190 

37  2S 

30  H7 

2<1  IM 

1.425 

70  95 

52  63 

1.105 

3«  16 

31  tiU 

2fi  O-t 

1   430 

72  14 

53  11 

• 

1.200 

39.11 

32  M 

27  33 

1  435 

73  35 

53  50 

1  205 

33  07 

27.95 

1   440 

74  M 

M  07 

1.210 

33  a) 

28  5*t 

1.445 

75  94 

51  66 

1.315 

34  53 

29  31 

1  450 

77  24 

5A  03 

1  220 

35.36 

20.  H4 

1  456 

78  56 

55  SO 

1.325 

36  01 

30  4.S 

1  460 

70  1M 

59.07 

1.230 

30.76 

3i.it 

1.406 

81,38 

M.43 

•  t«:  «^B  A.  ClxM.  t«i«.  VwttnMhmmfe**^ 

kn.«lli«il. 

r-A  l,T<bl«.  ai.M.M 

M 

•to 

X 
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SPECIFIC  QRAvrry  op  strong  acids  at  i^  in  vacuo.— C<mt 

(According  to    Tslgr,  Nab!",  and  Marchlewskt.) 


Speeifia 
Grmvily 
16' 

Per  Cant,  by  Weight. 

Specific 

Gravity 

LI* 

PwCeot. 

by 
Wevht. 

Speolfio 

Gravity 

IS* 

FwC^ent. 

by 
Weiihl. 

■t-^ 

»t  ^ 

»t^ 

(Vmuo). 

HNO* 

HjSO.. 

(Vacuo). 

H.SO<. 

1   (Vmuo). 

HiSO*. 

1.470 

82.86 

56.90 

1.610 

69.56 

1.750 

81.50 

1.475 

84.41 

57.37 

1.615 

70.00 

1.756 

82.00 

1.480 

86.01 

57.83 

1.620 

70.42 

1.760 

82.44 

1.485 

87.66 

58.28 

1.625 

70.85 

1.765 

83.01 

1.490 

89.86 

58.74 

1.630 

71.27 

1.770 

83.51 

1.495 

91.56 

59.22 

1.635 

71.70 

1.775 

84.02 

1.500 

94.04 

59.70 

1.640 

72.12 

1.780 

84.50 

1.505 

96.34 

60.18 

1.645 

72.55 

1,785 

85.10 

1.510 

98.05 

60.65 

1.650 

72.96 

1.790 

85.70 

1.515 

99.02 

61.12 

1.655 

73.40 

1.795 

86,30 

1.520 

99.62 

61.59 

1.660 

73.81 

1.800 

86,92 

1.525 

62.06 

1.665 

74.24 

1.805 

87.60 

1.530 

62.53 

1.670 

74.66 

1.810 

88.30 

1.535 

63.00 

1.675 

75.08 

1.815 

89.16 

1.540 

63.43 

1.680 

75.50 

1.820 

90.05 

1.545 

63.85 

1.685 

75.94 

1.825 

01.00 

1.550 

64.26 

1.690 

76.38 

1.830 

92.10 

1.555 

64.67 

1.695 

76. 76 

1.835 

93.56 

1.560 

65.20 

1.700 

77.17 

1.840 

o.'i.eo 

1.565 

65.65 

1.705 

77.60 

1.8405 

95.95 

1.570 

66.00 

1.710 

78.04 

1.8410 

96.38 

1.575 

66.53 

1.715 

78.48 

1.8415 

97.35 

1.580 

66.95 

1.720 

78.92 

1.8110 

98.20 

1.585 

67.40 

1.725 

79.36 

1.8405 

98.52 

1.590 

67.83 

1.730 

79. 8p 

I. 8400 

98.72 

1.595 

68.26 

1.735 

80.24 

1.8395 

98.77 

1,600 

68.70 

1.740 

80.68 

1.8390 

09.12 

1.605 

69.13 

1.745 

81.12 

1.8385 

99.31 

i^'. 
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SPECIFIC  GRAVITY  OF  POTASSIUM   AND  30DICM  HriT)ROXIDB 

SOLITTIONS  AT  15°  C. 


8p«nifio 

Per  C"«iil. 

PwtVtt. 

S'>«cta(3 

pot  ("lenl. 

Parcel. 

GrmviLy. 

KDii. 

NbUU. 

Unvi.y. 

KUU. 

NkOIl. 

1   007 

0.9 

0.59 

1  252 

27  0 

22,50 

l.OU 

1.7 

1.20 

l,2tl3 

2*1,2 

23  50 

1.022 

2.6 

1,«.5 

1-274 

2S.9 

24  44 

l.O-'S 

3.5 

2.50 

1.2  5 

29  » 

25  50 

1.037 

4.5 

3.22 

1.207 

30,7 

26,58 

1.045 

5-6 

3.7fl 

1.30> 

31   S 

27  H5 

1.052 

6.4 

4..V) 

J. 320 

.12  7 

2S  H3 

l.OflO 

7.4 

5.20 

1.332 

33.7 

30  00 

l.Ofi? 

8.2 

D.Sfi 

1.34S 

34  9 

31  .20 

1.075 

9.2 

e.5s 

1.357 

35  9 

32  .SO 

1.0M3 

10  1 

7.30 

1.370 

3fi.O 

33  73 

1 .1W1 

10  9 

807 

13-3 

37  .-< 

35  IK) 

1.100 

12  0 

8.7S 

1.397 

3H  9 

36  31i 

i.ia'i 

12.9 

9.50 

1.410 

39,9 

37  G5 

i.iifi 

13  14 

10  30 

1.124 

40  9 

3!J  m 

1.125 

H.H 

11.00 

1.43S 

42   1 

40  47 

1.131 

15  7 

11. !K) 

1.453 

43  i 

42  02 

1.142 

in  5 

12  09 

1.4AS 

44  6 

43  5S 

1.152 

17.0 

n  .w 

1.4K3 

45.  S 

45   16 

l.tC2 

18.6 

14  35 

1.49S 

47  I 

47  73 

1.171 

IB.S 

15  15 

l.SU 

48.3 

48  41 

1.180 

20  5 

16.00 

1.530 

40.4 

50.10 

1.100 

21  4 

16  91 

1.546 

50.6 

— 

1.200 

22  4 

17  81 

1.563 

51  9 

— 

1.211) 

23  3 

IK  71 

1  5S0 

53  2 

^^ 

1.220 

24  2 

HI  155 

1.597 

54.5 

— 

!.23l 

2S-I 

20  00 

I.6IS 

55. 9 

— 

1.241 

26.1 

21.55 

1.634 

67.5 

~ 
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SPECIFIC  GRAVITY  OF  AMMONIA  SOLUTIONS  AT  IB'  C. 

(According  to  Ldnqb  aod  Wibrnik.)* 


Spadfle  Gnvity. 

Pm  Cant.  NH.. 

BpMiSa  Qrftvitjr. 

Fw  Oent.  NHi. 

1.000 

0.00 

0.940 

IS. 63 

0.998 

0.45 

0.938 

16.22 

0.996 

0.01 

0.936 

16.S2 

0.991 

1.37 

0.934 

17.42 

0.992 

1.84 

0.932 

18. OS     . 

0.990 

2.31 

0.930 

18.64 

0.988 

2.80 

0.928 

19.26 

0.986 

3.30 

0.926 

19.87 

0.984 

3.80 

0.924 

20.49 

0.982 

4.30 

0.922 

21.12 

0.980 

4.80 

0.920 

21.75 

0.978 

5.30 

0.918 

22.39 

0.976 

5.80 

0.916 

23.03 

0.974 

6.30 

0.914 

23.68 

0.972 

6.80 

0.912 

24.33 

0.970 

7.31 

0.910 

24.99 

0.96S 

7.82 

0.90S 

25.65 

0.966 

8.33 

0.906 

26.31 

0.964 

8.84 

0.904 

26.98 

0.962 

9.35 

0.002 

27.65 

0.960 

9.91 

0.900 

2-i.33 

0.9S8 

10.47 

0.898 

29.01 

0.966 

11.03 

0.896 

20.69 

0.954 

11.60 

0.894 

30.37 

0.952 

12.17 

0.892 

31.05 

0.950 

12.74 

0.890 

31.75 

0.948 

13.31 

0.888 

32.50 

0.946 

13.88 

0.886 

33.25 

0.944 

14.46 

0.884 

34.10 

0.942 

15.04 

0.882 

34.06 

*  LuDge-Berl,  Chem.  tccbn.  UnterauchungBinetho  den,  6th  editi<Hi,  p.  531, 


TENSION  OF  WATER  VAPOR.                          S73              ^M 

TENSION  OF  WATER  VAPOR  ACCORDING  TO  REONAULT-                      ^U 

Dmtma, 

TriiiUiin  ill 

DftfTMM, 

Trnfiiti  in 

DcEima, 

Ti-tudon  in                        ^^^H 

C- 

Millimatvn. 

c. 

Mlllim«tera. 

V. 

UilliitiaUrt,                       ^^H 

-2.0 

3.9.':5 

+2.0 

5-302 

+  6.0 

1 

6.098 

1.0 

3.985 

2.1 

6.340 

6.1 

7.047 

1.8 

4.016 

2.2 

S.378 

6.2 

7.006 

1.7 

4.047 

i.3 

fi.41« 

6.3 

7.144 

i.e 

4.07« 

2.4 

5.464 

6.4 

7.103 

1.6 

4  109 

2.5 

6.4»I 

6.6 

7.242 

1.4 

4,140 

2.B 

6.530 

6.0 

7.202 

l.S 

4.171 

2.7 

5.6W 

6.7 

7.342 

1.3 

4.2IW 

2.S 

5.fiOH 

68 

7.302 

i.i 

4.23.5 

2.9 

5.W7 

6.9 

7.443 

1.0 

4.267 

3.0 

5.6S7 

7.0 

7.492 

0.9 

4.  ami 

3.1 

6.727 

7.1 

7.644 

O.H 

4.3.11 

3.2 

6.767 

7.2 

7.605 

0  7 

4.304 

3.3 

6.8(r7 

7  3 

7  647 

0.6 

4.397 

3  4 

6.848 

7.4 

7.609 

0.5 

4.430 

3.5 

5.8S0 

7,6 

7.751 

0.4 

4.403 

3.6 

6.930 

7.6 

7.MJ4 

0.3 

4.487 

3.7 

6.972 

7.7 

7.857 

0.2 

4.631 

3.8 

0.014 

7.8 

7.910 

0.1 

4.566 

3.0 

6.055 

7.9 

7.061 

0.0 

4. ADO 

4.0 

0.O07 

8.0 

8,017 

+0.1 

4.633 

4.1 

G.140 

8.1 

8.072 

0.2 

4.607 

4.2 

6.183 

8.2 

8.126 

0.3 

4.700 

4.3 

6.226 

8.3 

8.181 

0.4 

4.733 

4.4 

6.270 

8.4 

8.236 

0  5 

•1.767 

4.5 

6.313 

8.6 

8.291 

0.5 

4-MII 

4.6 

6.357 

8.S 

8.347 

0.7 

4.ts30 

4.7 

6.401 

8.7 

S.4M 

o.a 

4.M7I 

4.8 

6.44A 

8.8 

8.461 

0.9 

4.«U5 

4.0 

6.4tI0 

8.9 

8.617 

1.0 

4.040 

5.0 

6  634 

0.0 

8.S74 

I.l 

4.fl75 

6.1 

0,680 

Q.l 

8.632 

1.2 

.•i.OII 

62 

6.626 

S.2 

8.600 

1.3 

6.047 

6.3 

6.671 

0.3 

8.748 

1.4 

5.082 

5.4 

6.717 

0.4 

8.807 

1.5 

5, Its 

5.8 

6  763 

9  5 

8.866 

1.6 

5.L5S 

6.6 

6.810 

S.6 

8.025 

1.7 

5  I»l 

5  7 

6.K67 

S.7 

8,066 

1.8 

5,i2S 

6.S 

6.1KM 

8.8 

0.045 

1.9 

6.285 

6.9 

6  061 

0.9 

0.105 

P^ 
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T.<iialrin  in 

DMl«t^a, 

Tf>ii*i'm  ia 

DosTcea 

Tnnidon  iii 

MiiUtu«ter>. 

C. 

MUIim«M9t«. 

MiUimoieiB 

•f-10.0 

&.)r>5 

+  U.0 

1  1 . 90 1 

+  18.0 

15.357 

10.1 

9.227       1 

U.l 

11.9*6 

18.1 

15  454 

10.2 

0  2  8 

14.2 

12  061 

18.2 

15  552 

10.3 

0  350 

14.3 

12.142 

18. 3 

16,630 

10.4 

0.412 

14.4 

12.220 

1!1.4 

15.747 

10.5 

9  474 

14.5 

12.20S 

18.5 

15,845 

10.0 

9  537 

14.3 

12.378 

18.0 

15  045 

10.7 

9.fiOI 

14.7 

12  45S. 

18  7 

16  016 

10. S 

9-OOS 

14.  S 

12..WS 

IS.S 

10  145 

lO.S 

9,72^ 

14.9 

12.019 

1!>.9 

16.246 

11.0 

9  792 

IS.O 

12.099 

19.0 

16  S4e 

11. 1 

e.*^57 

15.1 

12. 7M 

19.1 

lfi.449 

11.2 

0  U2.-1 

15  2 

12,H6'I 

19.2 

16  552 

11.3 

9  9S9 

15  3 

12.947 

19.3 

10.655 

11.1 

10.  OM 

15.4 

13.020 

19.4 

16.75S 

11.5 

10.120 

15  5 

13.112 

19.5 

16.R61 

11.6 

10.IS7 

15. Q 

13.197 

19  6 

16.967 

11.7 

to  255 

15.7 

13  2^\ 

19.7 

17.073 

11. s 

10  322 

15. « 

13  366 

19. H 

17.179 

u.d 

10.360 

15.0 

13.451 

19.9 

17  285 

12.0 

10  457 

16,0 

13,. W6 

20.0 

17391 

12.1 

10  626 

16  1 

13.ri23 

.^0.1 

17.500 

12  2 

10  596 

16  2 

13  710 

20.2 

17.608 

12.3 

10.605 

16  3 

13.797 

20.3 

17.717 

12.4 

10.734 

16  4 

13.Sh6 

20.4 

17. 8» 

12.6 

10.S04 

16. S 

13.972 

20.5 

17  OSS 

12.6 

IO.S7fi 

16. S 

14.062 

20.6 

18.047 

12.7 

10.947 

167 

14.151 

20,7 

18.150 

12. S 

11.019 

16. A 

14  241 

20. tt 

18.271 

12.0 

11.090 

16.9 

U.331 

20.9 

18.AHK 

13.0 

11.162 

17,0 

14,421 

21.0 

18.496 

13.1 

11.235 

17   1 

14  513 

21.1 

18  010 

33.2 

ii.3oy 

17.2 

14.005 

:.:i  2 

18.724 

13.3 

I1.3S3 

17  S 

14.ffit7 

21.3 

I8.»39 

13.4 

11.466 

17  4 

14  7U0 

•d\A 

IS.9M 

13,5 

If. 53(1 

17.6 

14  Sfl2 

21  6 

19  060 

13.6 

11.605 

17  0 

14  y77 

21  6 

l9.tS7 

13.7 

11  6S1 

17.7 

IS  072 

21.7 

I9.30S 

13.8 

11.757 

17  S 

15,107 

21.8 

19  4J3 

139 

11.833 

17.0 

15.. '62 

21.9 

19  541 

■ 
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TENSION  OF  WATER  VAPOR.— CwUiwiwi 

H 

Dacreaa, 

Tentinn  in 

HULiniatera. 

Dcgnnes, 

Trniiionin 
Milliaiei«ra. 

D-^. 

'HinMiin  In                           ^ 
HlUitjigMra.                           1 

4-22.0 

19.668 

+  28.0 

24.088 

+  30.0 

31.  MS 

32.x 

19.780 

26.1 

26,138 

30.1 

31.729 

22  2 

19.901 

26.2 

25.288 

30.2 

31,011 

22  3 

20 , 022 

2R.3 

25.438 

30.3 

32. OM 

22.4 

20.  U3 

20.4 

25.588 

30.4 

32.278 

?2  5 

20.265 

26.5 

2S.73S 

30.5 

32.403 

22.0 

20. 3M) 

26.6 

25.R01 

30.6 

32  050 

22.7 

20  6)4 

20  7 

26.045 

30  7 

32  K37 

22.8 

20  rctf) 

20-S 

20,108 

30  8 

33  026 

22.0 

20.763     (1         20.9 

20.351 

30.9 

33,216 

23.0 

20 ,  .tS-S 

27  0 

26, 505 

31.0 

33-105 

23.1 

21.016 

27.1 

26.063 

31.1 

33.590 

23.2 

21.1-14 

27.2 

26  y20 

31,2 

33  787 

23.3 

21,272 

27  3 

26,97>t 

31,3 

.S3  9-^0 

23.4 

21.400 

27.4 

27. 136 

31.4 

34.174 

23.5 

21.528 

27  6 

27.294 

31.5 

34  308 

23.6 

21  059 

27  6 

27.4fi5 

31.0 

34  50-1 

23.7 

21.790 

27.7 

27.617 

31.7 

34  761 

23. S 

21  921 

27.8 

27.778 

31.8 

34  969 

23.9 

22.053 

27.9 

27.939 

31.9 

35-159 

34.0 

22  IM 

2S.0 

2«.I01 

32.0 

35  350 

34.1 

22  319 

2S.I 

28.287 

32,1 

35  559 

31.3 

22. -153 

2i.2 

2S.433 

32.2 

35  TOO 

24.:) 

22.68« 

2'*.  3 

2S.599 

32.3 

36  062 

24.4 

22.723 

21*.  4 

2S.765 

32.4 

36.106 

24.5 

22.&5S 

2<i.5 

2S.931 

32.5 

36  370 

24.0 

22.990 

28.6 

29.101 

32.6 

36  576 

31.7 

23.135 

2S.7 

29.271 

32.7 

30.783 

34.8 

23.273 

2S.fi 

28.J41 

32.  S 

36  991 

24.9 

23.411 

2S,9 

29.012 

32.9 

37.200 

35.0 

23.050 

29  0 

20.782 

33.0 

37  410 

S5.1 

23.692 

29.1 

20.956 

33.1 

37-621 

SS.3 

23.834 

20  2 

30.131 

33.2 

37.^32 

36.3 

23.976 

29,3 

30  mi>    . 

33,3 

38-048 

26.4 

24.110 

29.4 

30.179     1 

33.4 

3S-258 

2S.S 

24.261 

20.5 

30  S54     1 

33  5 

3.fi.473 

3S.6 

24.406 

29.0 

30.^33     1 

33.0 

38.6^9 

3S.7 

W.552 

29  7 

31 .Oil 

33.7 

38  906 

2S.8 

24.697 

20.8 

31 , ino 

33.8 

39.l2t 

• 

2S.1) 

24.842 

29.9 

31  369 

33.0 

39.344 

^ 

k 
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DBffraan. 

Ttropion, 

DMrt«», 

Tsniiioin. 

Tcrubon. 

+  34.0 
34.1 
34,2 

34.3 

30.5^ 
39  7m6 

40.007 
40.230 

+  34.4 
34-fi 
34  0 
34.7 

40.455 
40.6S0 
40,907 
4i.l35 

+  34. S 
34.9 

35.0 

41.304 
41.5U6 

41.S27 

HEATS  OF  COMBUSTION  OF   I   LITER  OF  r.AS   MEASUllED  AT  0» 

AND  760  MM.   Il.XROMKTItIO   PRESSURE. 


rnrhnn  monoxido 

Hydro  fien , 

M^lliane , .., 

KthylRBP , 

Propylene. , 

Ilcnzene-KBa , 

AC4^y|i'n(' , 

(k-iH>rnt';r-fi;as.. . , 

WflUT-ltlLS    

DnwHcin  pw.  . . . . , 
Illumuiiit  iuK-gas , 


Weight  of  Oii« 
let. 


tiohtr 


Raftmvd  to 


1,2S016 
0  0!H)04 
0,714SS 

1.2SSU0 

1 . 9;iGeo 

3  4AV2H 
1.18080 


a  MCiiuM  Vi'kler 
Calorira. 


'2,S60 

2,595 

8,505 

14,01tt 

21.22S 

i1)  33,750 

13,5S2 

(ibout     mo 

3.386 
"  1.400 
■'        5,000 


Liquid   Water 
CllariH. 


3,o:u 

3,077 

9.469 

14,0K0 

22,720 

(T)  3S,lt»8 

14,073 

about    14)00 

"       3,700 


Tttci  vulucB  in  llic  above  tah\v  un  tjtt9u<J  upuii  TLunuteii's  oieosurumi-nUi 
nnfl  only  in  tlio  cane  of  btmscne  in  thu  Ihuurvtirnt  donaity  uaix].* 

*  Julius  Thomern,  Thcnnochcm.  UnWtsuohungen  (18S2>,  Vol.  IT,  pp.  66, 
86,  107,  add  Vol.  IV,  p.  254. 

CO    +  O  -OO,    +67,960  cata. 

n,     +  O   -H,0   +08,357  rale. 

CH,  +40  -2H,0+  fO,+2ll,930<»h. 

C^f,4aO  -2H,O+2CO,  +  333.:i50ciila. 

C,H,  +  ftO  -3H,0  +  3CO, +492.740  cab, 

C^,  + 1 50  -  SHjO  +  6C0,  +  787,950  caIiu 

CH,  +  50   -   H,0+2CO,  +  3lO,4&OcaIa. 


TABLES  FOR  CALCULATING  ANALYSES. 
DIRECTIONS  FOR  USING  THE  TABLES. 

Computations  of  Gravimetric  Analysis. — The  methods  of  com- 
puting the  results  in  gnivimetric:  work  were  outlined  on  pp.  1  to  6. 
In  the  so-called  direct  amiiijsis  it  is  assumed  tliiit  all  of  tlio  desired 
element  in  the  original  substance  is  converted  into  a  weighed 
precipitate  of  which  a  kuuwn  fraction  consitita  of  the  element 
in  question.  The  fraction,  usually  expressed  a£  a  decimal, 
which  represents  the  amount  of  an  element  A  In  one  of  its  com- 
pounds is  commonly  called  the  diemicalfatior:  It  represents  the 
weiglit  of  A  in  one  part  by  weight  of  the  compound,  independent 
of  what  unit  of  weight  is  used. 

Thus,  to  be  specific,  1  gm.  of  silver  chloride  contains  0.7526  gm. 
of  BiWer;  1  lb.  of  silver  chloride  contains  0.7520  lb.  of  silver.  If 
J)  ^m.  of  silver  chloride  are  obtained  from  s  gm.  of  original  f^ub- 
Btaticc,  (hen  0.752G;;  is  the  weight  of  !>ilvcr  in  the  sample  taken 

and ^ =per  cent,  of  silver  in  the  substance  analyzed. 

The  general  rule  for  computing  a  direct  gra\'imetric  analysis  is  aa 
follows:  Multiply  the  weight  of  precipitate  by  100  times  the 
cb<?micjil  lactor  and  divide  by  the  weight  of  the  original  substance. 
Using  the  notation  as  above: 

pXchom.  factor  J<  100     ,         , 

'^ ~ desired  percentage. 

A  table  of  chemical  factors  is  given  on  the  following  pages. 
The  uw  of  the  tabic  may  !«  illustrated  by  an  example: 

From  0.5  gm.  of  arsenic  ore,  D.47G1  gm.  of  Mg2A8jOr  was 
obtained.    What  is  the  per  cent,  of  arsenic  in  the  ore? 

In  the  table  (p.  8S-I)  W(>  seek  As  under  the  heading  "  Sought " 
and  MgaAsjO?  under  the  heading  "  Found."  and  we  find  on  the 
same  line  that  the  chemical  factor  is  0.48269.    Finally,  in  the 
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fourth  column  wc  find  that  the  loparithm  of  this  number  multi- 
plied by  100  is  l.{>837.    The  computation  is  as  follows: 


The 


logfactorXlOO 

log  0.47GI 
cruii:^  0.5 


■15.96 


1.6837 

9.6777-10 

0.3010 


1.06^  log  of  45.96 


of 


contains  -15.90  per  cent,  of  arsenic. 

If  the  weight  of  ore  had  been  0.4S27  gro.  (.1  so-called  factor 
weight)  the  per  cent,  of  arsenic  would  have  been  found  by  multi- 
plying the  weight  of  precipitate  by  100. 

This  table  of  factors  is  convenient,  but  every  chemist  should 
know  how  to  compute  any  factor.  As  this  oft^n  causes  trouble 
for  beginners,  the  method  of  computing  the  factors  mil  be  dis- 
cussed. 

Compviing  the  Factor. — The  symbol  AgCl  shows  that  one 

atomic  weight  of  silver,  107.88,  is  pr<>scnt  in  1  molecular  weight 

of  silver  chloride,  143.34.     This  ratio  of  weights  is  independent 

of  the  unit  of  weight  used  and  ia  just  as  true  of  tons,  pounds, 

ounces  or  grains  as  it  is  of  grama.    Using  the  conception  of  the 

gram-molecular  weight,  the  formula  shuwit  thut  107.SS  gms.  uf 

silver  are  present  in  143.34  gms.  of  silver  chloride.    If  143.34 

gms.  of  silver  chloride  contain  107.83  gms.  of  silver,  1  gm.  of 

107  88 
silver  chloride  will  contain  -^^.—0.7526  gm.  silver.    In  other 

14<5.o4 

words,  the  chemical  factor  for  silver  in  silver  chloride  is  found 
by  dividing  the  atomic  wc^ht  of  silver  by  the  molecular  weight 
of  silver  chloride.    Using  symbols,  the  chemical  factor  in  this 

Ab 
case  is  -.-  -y,-.-.    It  represents  the  ratio  of  what  is  sought  to  what  has 

Agt>l 
been  found. 

In  the  case  of  the  arsenic  analysis  referred  to  above,  the 
Eiymbol  for  magnesium  pyroarsenate,  MgiAs^Or,  shows  that 
2  atoms  of  arsenic  are  present  in  the  molecule.  The  chemical 
2A8        149.9 


factor  is 


:  =0.4827. 


AgaAssO?    477.9 
As  a  still  more  complicated  case,  assume  that  a  sample  of 
magnetite  is  analyzed  in  such  away  that  all  of  the  iron  is  con\*erted 
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into  FezOa  and  it  is  desired  to  know  the  weight  of  FegOi  originaUy 
present.     The  chemical  factwr  for  converting  s  weight  of  FeaOs 


into  the  oquivalent  weight  of  FeaO*  is  7 


2Fe-j04    463.1 


=  1.035. 


3Fe203    479.1 

The  concept  of  the  chaniccd  factor  may  be  applied  to  any 
chemical  equation  as  well  as  lo  any  precipitate.  The  following 
equation  repa'senta  the  reaction  between  ferrous  ions  and  di- 
chromate  ious: 

6Fe+++CraOT-+14H+-t^6Fe++++2Cr++++7HaO. 

On  the  basis  of  this  equation  we  can  compute  the  weight  of  ferrous 
amijionium  siilphafc,  which  will  react  with  a  given  weight  of 
potaseium  dichromate.     The  chciuical  factor  \b 

elFeSO^-CNHOaSOi-GHsO]    6X392 


K2Cr207 


294 


=8. 


If  the  weight  of  dJchromatc  is  multiplied  by  this  factor  the  product 
will  be  the  equivalent  of  ferrous  ammomum  sulphate.  If  a  weight 
of  ferrous  ammonium  sulphate  is  divided  by  8,  the  quotient  is  the 
equivalent  weight  of  dichromato. 

It  is  possible  to  arrive  at  the  same  result  by  a  slightly  different 
method  of  reasuuiiig  and  this  other  method  is  mure  hkc  the 
method  used  in  volumetric  computations.  If  the  weight  of 
ferrous  ammonium  sulphate,  p,  is  divided  by  the  molecular  weight 
of  ferrous  ammonium  sulpliate,  the  quotient  represents  the  number 
of  moles  of  ferrous  ammonium  sulphate  present.  The  equation, 
however,  shows  that  one-sixth  as  many  moles  of  dichromate  are 
required  so  that  by  dividing  by  six  and  multiplying  by  the  molec- 
ular weight  of  dichromate  the  weight  of  dichromate  is  obtained. 
In  each  case  the  computation  may  be  expressed  as  follows: 

pXKaCrzO; 


FcSOi  ■  (NH*)  2SO,  -  6H2O  X  6 


—  weight  of  dichromate. 


The  fraction 


KaOiOr 


represents  the  weight  of 


flFcS04  •  (NH4)2S04  -eHaO 
dichromate  which  corresponds  to  1   gm.  of  ferrous  ammonium 

sulphate,  the  fraction   Ke.SO,-(NHLsOv«H,0  "^P'-^^"^*  l''« 
number  of  moles  of  ferrous  ammonium  sulphate  present. 
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It  is  evident  from  the  forpgoing  discussion  that  ordinary 
chemiral  arithmetic  is  really  very  simple.  Formerly  the  so-called 
"  rule  of  three  "  wna  used  more  in  clcincntarj-  tests  on  arithmetic 
than  it  is  to-day.  In  Gcnnany  it  is  still  uaed  a  great  deal  more 
than  in  the  United  States.  Most  text  books  on  analytical  chem- 
istry- have  been  influenced  by  German  practice  and  beginners  in 
chemistry  have  been  taught  to  use  proportions  in  chemical  arith- 
metic instead  of  reasoning  out  unit  values  as  they  have  been  taught 
before  studying  chemistry.  In  the  above  discussion  not  a  single 
proportion  has  been  written  out  to  be  solved  mechanically  by 
the  rule  that  "  the  product  of  the  means  \^  equal  to  the  product 
of  the  extremes." 

Computations  of  Volumetric  Analysis. 

1,  Relative  Strength  of  Sululiotis. 

(a)  If  a  c.c.  of  solutlou  A  =b  c.c.  of  gulution  B,  then  1  c.c.  of 

solution  A  =  -  C.C.  solution  B ;  1  c.c.  o(  B=-r  c.c.  of  A . 

a  '  b 

(h)  If  solution  A  isiV-normal,  then  solution  BisrXA'-normal. 

(c)  if  solution  A  is  A'-nonnal  and  solution  B  is  il/-normaI, 
then  Ic.c.  of  A=AVJI/c.c.ofB;  Icx.ot  B=M/Nc.e. 
of  A. 

2,  Normal  Strength  or  Normality. 

(a)  To  find  the  normality,  divide  the  value  of  1  c.c.  in  terms 

of  any  pure  substance  by  the  milli-equivalcnt  of  that 

substance. 
(6)  If  iV  be  the  nomiahty,  and  e  the  milli-equivalent,  then 

1  c.c.  of  the  £olutioa=eXiV  gm.  of  the  substance  in 

question. 
The  milli-equivalent  is  often  less  than  a  milli-mole:  thus 

1  c.c.  of  0.3  Normal  acid  =  0.3X0.a31  gm.  of  NajO. 
t,  Qewral  Method  of  Finding  the  Per  Cent,  by  Weight. 

Let  c.c.  represent  the  net  volume  of  reagent  required,  N  the 

normality  uf  the  reagent,  5  the  weight  of  substance 

taken,  and  e  the  loilU-cquivalent  of  the  constituent 

whose  percentage  is  required.    Then 

ccXATXcXlOO 

■ =  per  cent. 

Note  that  if  ff=iV-«.100,  then  c.c.  =  per  cent. 
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4.  Equivaleni  Weights. 

1^^.^           m 

{a)  Acids.    Let  M  =  mole« 

^^^^^^H^  =  methyl  orange,            1 

P=  phenolplithalein 

^^^^H^mrce  acids  may  be            1 

titrat<Ki  with  cither 

^F                  J 

Acid. 
UCl 

HNO. 

^M 

H,SO. 

M  2     ^                             ^H 
M  (With  pf                           ^H 

nCjIIA 

HfC'.FM), 

M'2  (Witii  wm^               ^M 

M  (Witli  t^^                        ^1 

1I,C0, 

KHOJIA 

M  (With  P)                             ^1 

H^O/l.  2H,0 

M/2  (With  P)                             ^H 

ICJK%0* 

M  (With  P)                              ^H 

)snc^iUiC^4.-2njo 

M/3  (With  P)                             ^H 

H,P<>4 

M  (With  MO]                               ^H 

UiPOt 

M/2  (WHh  P)                             ^H 

UiUO. 

M  (With  P  and  Ktycerine,  not                 ^^M 

acid  tu  MO)                              ^H 

^)                      Ba«e«. 

Bqaivaicnt.                                  ^^H 

KOH 

^H 

NftOH 

^1 

NHtOII  [With  MO) 

^H 

Ba(OH), 

M/2                                    ^H 

(c)   SALTS    or  WEEK   ACIDS.                                                                                       ^^ 

^H 

Salts  of  carbonic  and  boric  acids  may  be  titrated  with       ^^| 

metliyl  ornDge  as  if  the  free  base  were  present.    With            1 

phenol  phthaleiu  the 

end-point  is  reached  when  the             1 

carbonate    is    completely    changed    to    bicaibonale. 

Thus  BaCOa  titrates  as  if  it  were  Ba(0H)2  with 

methyl  orange  but  reacts  with  only  one  (1)  equivalent 

of  acid  if  phenol  phlhalein  be  used  in  the  cold.                    ^ 

((f)  oxiDiziNd  agents: 

V 

SubKUina. 

Ilerttidion  Chtjnge.          Bqninlent.                1 

K/>fl, 

Each  O  loses  3  clinjgcs         M/'O                   1 

KMnOi 

Mn+^"loMn^"              M/5                   1 

KMnO. 

Mn+^"toMDO.                M/8                  ^ 

MnOt 

Mii'-"'toMn+"                 M/2 

KBK>.  or  KIO. 

(Br  or  1)+*"  to  (Br  or  I)"'        M/fl 

Fnm  CI,  Br,  I 

To  (Q.  Br.  or  I)-*           At.  Wt. 

Cu"*"*  (loclidu  mothod) 

To  Cu+                 At.  we. 

Ma.0, 

0*  to  0-                     M/2 

-I       ^ 
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(e)   HEDUCING   AO 
Subsla 


^ 

!?=» 


Pe  (Afto  solution  in  acid) 
Fe  (Any  femwealt  containing  1  Fe) 
4,       '      )UW[^  KMnO*) 

^•UX^HiO  or  KHCOt  or  Na,C,Oi 
KHCO.HtCtO.-HtO, 
Na«S,0, 
AstOi 


Bedw^on  Change. 

S-toS° 
8n++toSn+  +  +  + 
I- to  I" 
2n**toZn+  + 
Fe''toFe+  + 
Fe  ++to  Fe+  +  + 
Fe++toFe+++ 
0*toO++_ 
To  [Fe  (CN)^] 
To2CO» 
To  4  CO, 
ToiNftAO, 
To  2A80r  or  2AaOf 


BgtdixderU, 

M/2 

M/2 
M 

M/2 

M/2 

At.  Wt. 

M 

M/2 
M 

M/2 

M/4 

M 

M/4 


6.  Equivalent  weight  depends  on  the  reaction. 

Considered  as  a  salt  (that  is,  as  if  it  were  a  precipitant)  the 
equivalent  weight  of  KMnOi  =  M.  A  solution  of  KMnO* 
which  is  nonnal  as  a  salt  would  be  5-normaI  in  a  reaction  with  a 
ferrous  salt  whereby  the  Mn  loses  5  viUence  chai:Ee8,  and  would 
be  3-nomial  in  a  reaction  whereby  the  KMnO*  is  only  reduced 
to  MnOa. 

Similarly  the  equivalent  weight  of  potassium  binoxalate, 
KHC2O4,  or  of  potassium  tetroxalate  KHC20*-H2C204-2H20, 
depends  upon  the  replaceable  hydrogen  when  considered  as  an 
acid,  but  as  Deducing  agents  the  carbon  content  alone  is  to  be  con- 
sidered. A  solution  of  tetroxalate  which  is  nonnal  as  an  acid 
is  four-thirds  normal  as  a  reducing  agent.  Arsenic  acid  is  like 
phosphoric  acid  as  an  acid,  but  in  the  reaction  with  hydriodic 
acid  the  As  is  reduced  from  the  quinquevalent  to  the  trivalent 
state  (cf.  pp.  530-532). 
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International  Atomic  Weights,  1919. 


SfrntnA. 

Alouie 
Wuclit. 

SrmtMl.  1 

ALonir 
Vfrigta 

Antimony 

Al 

sb 

A 
Ab 

Ba 

Bt 

B 

Br 

Cd 

Cs 

Ca 

C 

Cc 

a 

Cr 
Go 
Cb 
Ca 

Dy 

Br 

Eu 

F 

Gd 

Ga 

G« 

Gl 

Au 

He 

Ho 

H 

la 

1 

Ir 

Fe 

Kr 

U 

Pb 

U 

Lu 

Mg 

Mo 

Hg 

27.1 

120.2 
39.88 
74.96 

137. S7 

208.0 
ll.O 
79.92 

112.40 

132  81 
40.07 
12  05 

140.25 
35,40 
52.0 
S8.07 
03.1 
63  67 

162  5 

167.7 

162.0 
19.0 

157.3 

09  9 

72.. 0 

9.1 

197.2 
4.0 

I63.fi 
1.008 

114.8 

12&.93 

103. t 
6b  M 
82.92 

139.0 

a07.2O 
0.94 

17S.0 
24  32 
M  03 

aoo.o 

Mo 

Nd 

Ne 
Ni 

Nt 

K 

Ob 

kO 

Pd 

P 

Pt 

K 

Pr 

Ka 

Rh 

Rb 

Rii 

Sa 

Sa 

Se 

Si 

Ak 

Kn 

Sr 
S 

Ta 

Te 

Tb 

Tl 

•IT) 

Tm 

Sa 

Ti 

W 

u 

V 
Xc 

Yb 
Yt 

Zn 
Zr 

96  0 

144.3 

20  2 

58  6S 

KitoD  {radium 

222  4 

14  01 

100  9 

16.00 

106.7 

31  04 

195  2 

PotABsium 

PrMeodymium 

39.10 

140  9 

220.0 

102,9 

85.45 
101  7 

150.4 
44.1 

79,2 

28  3 

107.88 

28,00 

Eutfur 

87.63 
32.00 

Cold 

TVrhiiim 

181.5 

127.5 

150.2 

Thullium 

2(M  0 

232  4 

lQS.fi 

Tin 

118.7 

48  1 

KfVDton 

184.0 

238,2 

51.0 

130.2 

MRRnniiiim. 

(Neoytterbium). . 

173.6 
88.7 

Zinc 

05  3 

90.6 

\ 
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APPENDrxTT 
Table  of  Chemical  Factors. 


SoUKlit. 

Found. 

Fkctor, 

Log* 

Hnuftht 

Fooiul. 

F«tor. 

Loc 

A« 

A«ri 

AffBr 
AKi 

0.7.V2fi2 
0  57444 

0.4.MHH 

1  R7658 
1, 75025 
I.&ti224 

Ba.(> 

BjiSO* 
BtiCrO, 
BwSiK, 

0.66700 
0.60532 

O.MMO 

1.81757 
1.78190 
1.73909 

AfcO 

ArCI 

0.80943 

1.30764 

Bi 

BiA 

BiA 
BiAfiO, 

Bi 

0.S9654 
0.50042 
l.UM 

I. 05258 

1,77773 
2.04743 

AI 

m 

0.63033 
0.22199 

1,72455 
1.S1625 

Br 

Ag 
AKBr 

0.74OS2 
0.4255G 
0.55755 

1 ,86971 
1-62806 
1.74620 

A1,0, 

AlPO. 

0.418S1 

1.62171 

As 

AsiS, 

Aw>* 

MtoAnO, 

MfoPiO, 

0.00011 
0  1K319 
0  4.S2ft9 
0.07313 

1.78470 
I  6^4 12 

1-G8371 
l,82Sll) 

C 

CO, 

COi 

0  27:73 

1  43573 

2  13470 

Ca 

CftO 
CaCO. 
CaSOt 

CftF, 

i\    71ilU      1    uC4m\ 

As^ 

AfliSi 

A»sS, 

MeiAttrOr 

O-WMaii 
0-037S3 
0  t>3724 

O.SSSHT. 

I.ft052S 
1.80471 
1  SIVI30 
1.94K73 

If  .  1  1  tXrm 

0.40045 
0.2M4O 
0.51326 

i.oo:;52 

1.4flS93 
1.71084 

CaO 

CaCt>i 
CaSO, 

CaFi 

0.56031 
0  411D5 

0,71830 

1.74843 
1  61485 
1.85625 

AsOi 

AsiS, 

AsiS, 
MfoAii,*), 

0  7y2f>0 
0.7918G 
1,1012 

1   !HIW13 

1  R9905 
1,80805 

2  {H304 

Cd 

COS 

CcIO 

CdSO, 

0  77801 
0.87530 
0.&3»ig 

1  89009 
1  04220 
1  73174 

A^* 

AsA 

ABrS. 

MkiAsjOt 

O.Q34I4 

0.7410a 
0.74034 
1.U323 

1.07041 

1  S60S4 
1.86943 

2  01382 

Clio 

Cd 
CISO, 

0  S8877 

1  1423A 
0  61591 

1  04870 

2  05780 
1  7S0SS 

AsO, 

Ap,S 

Asitf. 

M|£,A*^0, 

M292 
0.89o74 
(h  K<141«) 
I .2477 

2.05276 
1 ,05218 
1,1)517H 
2.00G10 

CdS 

Cd 

CtO 

CdSO« 

1.2853 
11252 
0.60300 

2  10901 
2  05121 

1.84073 

B 

BO, 
BO, 

B,0, 

B,0, 

0.31428 
I.22H0 
1.6S57 
1.1143 

1.4B732 

2.USMU 
2.22678 

2,04700 

CI 

AgCl 
A« 

0.24738 
0,32870 

1.39337 

i.fiieso 

cm 

AgCl 
Ag 

0.3H42 
0.33804 

1  40555 
1  5289S 

Ba 

BiiSO, 
BitSU^ 

0.58S40 
0.fi4217 

o.4yiia 

1.76973 
1.7:W14 
1.09125 

CIO, 

AitLl 
KCl 
NftCl 

0  58225 

1.1194 

1.4276 

1  76511 

2  04897 
2  15463 

*  111  Uiis  colunm  41ie  loguilhm  vt  IIiq  factor  mtilliplinl  bjt  100  i«  given. 
The  kignritlitnii  ok  kivcu  lu  Hv«  dccitnul  places,  but  it  should  be  boroe  ta 
mind  Umt  l-hn  f»un)i  dcMrinuil  p1.icc  ix  in  nt-ust  cusui  duulilful.  Four-plum 
lugarithnu  ihrc  occumU!  cnoiif;h  for  ncurly  all  chemical  analyses.  The 
»t«uuc  wuitfLu  for  lOlfi  are  ujcd  ia  Um«o  tablea. 
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8oiidit. 

Foil  nil. 

Faptcr. 

Lftg. 

Soudtt. 

Found. 

FMtor. 

^1 

ClOjK 

AfiCl 
KCl 

0,SjSO:t 
1.6-138 

I.0319.<« 
2.21.W4 

SiF. 

CaF, 

0-60742 

1,78340            ^1 

Fe 

FeO 

FciO, 
VftO. 

0.00O4O 
0.89080 

1  84473  ^H 
105415            ^B 

CtOjNii 

AgCl 
NaCl 

0.71271 
1.8211 

1  - S70S2 
2.21)1133 

U 

UiO 

0.U190 

1  04SS3            ^1 

ClO^ 

Ari'l 
NftCl 

0.60388 

1.333!) 

1.7013 

I-S412S! 
2  12.'.I4 

2 . 23079 

Hs 

H|i,CI, 

0  K4979 
0.&5210 

1  92931  1 
1 -93359                     ^ 

CIO.K 

Apcn 

KCl 

0.06665 

l.gS527 
2.20013 

I 

ArI 

Fail 

AgCl 

0.5405.^ 
O.7O4O0 

O.SSA-l.'i 

1 .732H3 

1 .84701             ^^ 
^1 

cao.N* 

ArCI 
N»CI 

0.SM33 

2.0ms 

1.03163 
2.32114 

K 

KCl 

K.rici, 
Pt 

0.52441 
0  44.H7:-; 

0.2.S21V 
0.1«0.« 
0-40061 

1.05199  ^H 
1  45054  ^H 
1 .2t)043  ^H 
1.00273            ^B 

CN 

AgCN 

Ag 

0. 1042fi 
0.241IU 

1 . 3S83a 
I.. '1-^220 

CNb 

ArCNS 
CuC:N3 

BttSO. 

0.34i«Mi 
0  47744 
O.248S0 

1 . 54402 

1.67H'J1 
1.30585 

Kt'l 

KC\t\ 

K,PtCI, 

Pt 

(1  .1.Vi(V.' 

0  30673 
0.70397 

I  U.-)23I             ^H 

1  481)76  ^^1 
l.K<<30^            ^H 

UCNS 

AgCN3 
fuCNS 
fiaSO, 

0.35604 
0.4»572 
0.25312 

1 ,55150 
1.58639 
1 .40332 

KiO 

KCl 

KSO, 

KCIO* 

KiPtCl, 

Pi 

0,03170 
0  r)40M 
0-3301t;i 
0.11W7« 
0,482.'iS 

1.80052  ^H 
1,73283  ^H 
1  .MI38  ^H 
1,28727  ^H 
LO'S.")?             ^^ 

Co 

CoO 

CoSO( 

Co 
CoSO, 

0  38035 

1.2713 
0.48355 

1.58019 
2.10426 
1.6M44 

Cr 

Cr,n 

BatrO. 

0  6»i2l 
0.160!>4 
0.20&23 

1.S3519 
1.20667 
1.31248 

Li 

LiiSOi 
LiCl 

0,12024 
0-103aS 

I  10119  ' 
1.21390 

LW 

UCl 
LuSO« 

n  't'i'>'Ui 

1     <L.1K0(1 

Ctfi, 

PlrfYO. 
BaCrO, 

0.23522 
0.20U0G 

1.37148 

1.47706 

0-27170  1,43411) 

Ug 

Mk*) 
M(e80. 

MfeP.'J, 

0  003 IS  1.78014 
0.20201  1.30537 
0  21830  1.33924 

CiO, 

BaCrO, 

1.3t5S 
0.30468 

2.11010 
1.4^MM6 
1.59025 

MgO 

MftP/J, 

0.33401  1   52)03 
0.36207  1.55M79 

Cii 

CuO 

Cu-S 

CuCXS 

0  70802 
0.79857 

0.52250 

1.00250 

1,M231 
1.718U 

Md 

Mn.O. 
Mn,P,'\ 

0.30378  1.50083 
0  03138  1  8002B 
0.72030  1.85761 
0,3R6T2  l.S87'10 

CuO 

Cu-H 
CuCNS 

Cu 

0.9W5Q 
0. 05406 
1.2517 

1.0O981 
1.81503 
2.00750 

F 

CuF, 

Ca&Ot 

0.48062 

0.27008 

l.ft8719 
1.44S74 

MnO 

MnS 
MmPiO, 

0.40973  1  (17185 
n. 81.529  1.0II31 
0.9:{()11  I  90863 
0.49901  1.69803 

APPENDfX  n. 
Table  of  Chemical  Factors— Continued. 


SDOftil. 

Found. 

Fatloi. 

.  Loe. 

Sought 

.Found. 

Factot. 

Loc. 

Mo 

MoOl 

,0.66H67 

1.823«l 

NO, 

NO 

1.5332 

2.18550 

N 

NH, 
NH,C1 

(NlU)(PtCl. 
Pt 

0.S2247 
0,26187 
0.06310 
0,14354 

1.91512 
I.41.S0S 

0.S00()5 
1, 15609 

NiO. 

NO 

1.2660 

2  10263 

P 

M&PiOt 
P,0»,24Mr»0, 
(NH4)a»0„ 
12Mo(-\ 

0  27874 
0  01725 

0  01G54 

1  44519 

0  23888 

Hi 

NaCl 

Na^SO, 

0.30343 
0,32378 

l.SftIS" 
1 ,  51021) 

0,21842 

Pt). 

Mr.P.Ot 
P,0„24MoO, 
(Nlld.PO,, 
12MoC), 

0  85345 
0.05283 

0  05003 

1  03118 

0.722^7 

0  70*40 

KaiO 

NaCI 

NII.SO* 

0.5302S 
0.43040 

1.72(50 
l.ti3it.VJ 

aut 

NH.CI 

(NH4)iPtC:. 

Pi 

0.31S2I 

0  07670 
0.17449 

1.50271 
W.SS-IS3 
1.24177 

P,f>, 

Mk.P.0, 
P:Oi,24Mi.O, 
iNH.j.PO,. 
I2.M0O. 

11  fi3;ra 
n  03947 

0  03785 

I.8frl77 

D.&962S 

atu 

NHi 
NHiCI 

(NUOtPlCI. 
Pt 

1.0592 
0.33723 

0.0SI25 
0.1S4S4 

2.02497 
1. 52793 
O.OOOSS 
1.2«670 

0.57800 

Pb 

PbO 

PhO, 

PbH 

PbSO, 

PW:rO. 

0.d2S28 
0  86616 
086591 
Q. 06312 

0  6409S 
0.74491 

1.90768 
1.03700 
1 .93747 
1.83449 
1.80684 
1 .87210 

NfitO 

NH, 

(NH4).Pta. 
Pt 

3.H00 
f)  24097 
0.54815 

2.4070i3 
1.3.S196 
1.73890 

Ni 

NiO 
NiC^i.N,0, 

0.7S57r, 
0. 20310 

l.W».'i2y 
1 . 30rS5 

PbO 

PbO, 
PbS 

PljSO, 

PMrfl, 

PbCi, 

0  9330S 
0  932St 
0  73589 
0  09050 
0,80240 

1  9fifl«; 
1.96979 
1.86681 
1.83916 
1.90442 

NiO 

Ni 

N-iCaii.N.0. 

1.2727 
0.25*50 

2.10171 
1.41250 

NO, 

NO 
NH, 

NH.C1 
CNH,),PtCI, 

Pt 
C»IT„NiO, 

2,oor,3 

3.0-104 

i.ib'.n 

n  27'.)3l) 

0,l>3.53.5 
0  1652S 

2.31520 
2.50115 
1.00411 
1 ,  44i.fi7 

1 . S030) 
1.21S23 

S 
SO, 
SO, 
HO, 
SO.H, 
H>S 
1-cS, 

HaSOi 
BaSOt 
BaSO< 

i*ay<>4 
naso, 

»af»>( 

0  13738 
0  27110 
0  31300 
0  41154 
0  42018 
0  14002 
0  2,^700 

I  13792 
1  43848 
1  53530 
1  61441 
I  62343 
1  10443 
1  40994 

NOJi 

NO 
NH, 

NU*C1 
(NH.l.PtCI, 

Pt 
C«H,tN^Os 

2  Wi>9 

3 .  fi09f, 

1-177!) 

0.283g.5 

0.64.'i7n 

0.10797 

2.32220 
2,5dS15 
2.07111 
1 ,  4o3W 
l.filOOS 
1.22523 

Sb 

Sb/)4 
SMi 

0  7R976 
0.71418 

I  8^749 
1  853SI 

Si 

KiOj 

SiO, 
SiO, 

0  40031 

1  2053 

1  67147 

2  10221 

N*0, 

NO 

NH, 

NH.CI 

CNH,>,PtCU 

Pt 
C*H,7N.0» 

I,7fflt7 
3  1707 
1.0005 
0,24327 
0  S-MSS 
0.1-1390 

2,25521 
2,501111 
2.00412 
I.38«0^ 
I , 74302 
1.1SS24 

Sn 
HriOj 

SnO, 

Sn 

0  7S808 

1  2089 

1  ft96£7 

2.10343 

Sr 

SiO 
SrtO, 
SrSO, 

Sr(NO,), 

0  W«fiS 
0  47703 
0.41403 

1  02717 

1  77348 
1  67S54 
I  61703 

TABLE  OF  CHEMICAL  FACTORS. 
Table  of  Chemical  Factors — Concluded. 


887 


Sought. 

Found. 

F«ctor, 

Log. 

Sought. 

Found. 

FacIot. 

Lot 

SrO 

SrCO, 
SrSO, 

8r(N0,), 

0.70196 
0.56413 
0.48963 

1.84631 
1.75138 
1.68987 

vv 

wo. 

WO, 

w 

0.79310 
1.2609 

1.89933 
2.10067 

Zd 

ZnO 

ZnS 
ZdNH.PO* 

Zn,P,CT 

0.80337 
0.67087 
0.36632 
0-42S91 

1.90491 
1.82664 
1.56386 
1.63237 

Th 

ThOi 

0.87898 

1.94398 

Ti 

TiO, 

0.60051 

1.77852 

u 

(UO,),P»0, 

0.84824 
0-88170 
0.66703 

1 .92S52 
1.94532 
1.8241.') 

ZaO 

ZnS 
ZnNH4p04 

Zn,P,0, 

0.83508 
0.45598 
0.63390 

1 ,92173 
1.65895 
1.72746 

V 

ViO, 

0.56044 

1.74853 

Zr 

ZrOj 

0.73899 

1.86864 

35 

SG 
37 
38 

39 

40 
41 
42 
43 
4^ 

45 

46 
47 

48 
49 

CO 
5t 
B2 
S3 
M 


55tV{ 
5708 

son 


4502  4.'>1S  4.'>S3 
40&J  4C69;4&S3 


478fi4S00  4S14'4S29 

40-28  ■t[H2:-t&5S.WfiO 
ryH'h'i  .51)71)  .'JUJl' 511)5 
5U>H5-.>11  5.^21, 5i3 


M53'&105 
5575' 5587 


5094 
fiSOO 
S022 


6705 
6821 
6933 


WTSjMOO 
55911;  .Vil 
5717  572!! 


002160316012  6053  0004 
(;i2.s  r,i:w  r.i  i!i(>i'-,(!in7t) 

H'j:i'.'  r.:i:i  m.'">i  r.uu';  r,_' 
tkl3i  (-J  Ij  (.>ij5J  lK>'j^,<JiJ  ( J 
6435  M44  &I54  t>'l64  5-174 


0532 

B62S 
0721 
BSI2 

15002 

f)1»9C) 
07fi 
7  UK) 
7213 
73^4 


0043 

6637 
6730 

6831 
'3011 

rwns 

7ns4 

nm 

7-251 
7332 


6551 
6646 
6739 
6830 

6020 

7007 

7oat 
7177 
72.')9 
7340 


65fll 
665ft 
67-W 
6S30 
G92K 


6571 
6665 


6758 
6S48 
693 


701617024 

7III1  7IU) 
71-S5  7nw 
7267  7275 
734M735G 


4065 
1232 
13H3 
461S 
400S 

■ana 

■tow 

5)19 
5230 
M7S 

5502 
5t>23 
5740 


42  ID  420.'5 
■IW.1  1-125 


4.'ir.i 
4713 


4857  4871 

49S7|50I  1,5024 
5159 


6132 

5263 
5391 


5263S276S289 


9075  00$5  6090 


4579 
4728 


5145 
S276 
M03 


5635  5647 
5752  6763 


5S5S  SSea  5877  SS8S 
5066  5077  S988 


3!Kl!320I 

:33^5310l 
,357;]  ;t5iis 

37fi(i  37S4 
3t>45  3062 

4116  4133 

-t2St  1^208 
i-i4fj;-i-i5« 

4594'4(>0B 
47424737 


6107 

6213 
r>3l4 


4900 
5(BS 
5172 
5302 
5428 


5539 
5658 
5776  &786 


5551 


5117 

6222 
0325 


r.isftfiioi  6201 

Ci^i^j  Wy5  0405104 15  6425 
6484  6493  6503  6513  0522 


(iB76 

fi76' 

6ssr 

6946 

033 
711^ 
7'2(>2 
7-2)*l 
73G4 


6J90 
6fiS4 
0776 


6599 
6693 


6609 
6702 


67S5(;r'.M 


6618 
0712 


(JS6ft6S75ii^-<i  ''-^1)3 
695K69(Miyj7^ti'JHI 

7O4J 


7050 
7r20'7I35 
7210  721 S 
7202  7300 
7372  7:{«( 
I 


70.W 
7H3 
72211 
73(W 
738S 


7067 

7152 

7235 

731 

739' 


14,1  c;  30  23  25 
la'lf.  1^31  2* 
12' IS  17:20  33 
ti'jtl  lA  10,31 
1  13  Ifl.lB.aO 


11  13  IA|17  1* 
ID  13  14  lfl,18 
10  13  U'lSIT 
b;ii  I3,is  it 
1|'12'14I« 


9  10  12  U  15 
8  10  11  13  18 


9,11 

»1Q< 


ial4 
12  U 
1311 


O'tOII  13 

a'to'ti  la 

si  flllll 
S  0  10  13 
8    910:11 


91011 

H  ton 

ft    9  10 

8J  »;io 


« 

s 

A  7 
0  7 
6 


4   & 

4 


4 

31  4 

3    4 


»tO 

8;  9 

•1  9 
9 
81  9 


LOGARITHMS.                                            889              1 

1! 

PnovovnoMAL  Pahtc.          ^^^ 

0 

1 

8 

3 

t 

•> 

6 

7 

8 

0 

^^H 

I 

3 

2 

3 

4  S 

3    * 

0   7   H 

ft   JS    It 

^  1 

55 

74rn 

74i2!74Ul 

7427713^ 

74 13;7451 

7451):740ti7-174 

5li 

7is:''7iini7iri7'7.'in.ir.M:i 

7r>y>  7.1^s!7Mf.  Tft-13  755t 

2, 2lal4 

fi   s 

e 

J 

r.r 

7."."i'i  7:.i.i.  7,'.7  :  7".-'_'  7,"n' 

7:,'i7  7(;in;7(irj7(iin  7(127 

3 

2i3U 

fi    A 

0 

M 

5S 

Ti-;  l.Vi'>J_'  Tu-i'i  7i'i-'i7  Tilii 

7(>7.'  7("i7y 

7f>.-.<;7oy4  77rii 

2 

3   4 

4    S 

6 

^ 

so 

77Uy  77  U»  7723:73117738 

T745J7752 
7Sls|782fi 

7760 

"767 

7774 

3 

3   4 

4    A 

6 

^       1 

60 

77*^2  77S9  7796  7S03  7S in 

7832 

7S30 

7846 

a 

3   4 

4    S 

« 

1 

61 

7>.>I,7S01)  7>HW|7S75,7-S.N-' 

7W!i  7S9f> 

7903 

7910 

7917 

2 

3    4 

1 

*    S 

n 

r.L' 

TrtLM  7?ini  79:?^  "'"11.';  71J'C 

7\'*r,:t  796rt 

7<)73 

7!W0  T9S7 

3 

3    3 

4   J 

« 

^^_ 

fi:i 

7'.iu.'i^r>')ii --iiiiT  -111  1  sni:^] 

■«n2vS035|SOi] 

HO!.-*  .*i055 

2 

n  3 

4    S 

A 

H 

(ji 

Min-_'SL)t)y.su7i,>'tifC 

XUM.) 

"(lytisiousiou 

1 

.SI16,.S12:J 

' 

2 

a  3 

4    « 

A 

•     ■ 

6fi 

si2ySt3a8142|8U9 

8156 

31628160  3179 

8182^189 

9 

3  3 

4    S 

S 

.     ■ 

G6 

M'.I5S-^IJSai!>S-J15 

S222 

N22S  ,si2:(5  S24I  S24SS2M 

3 

3  3 

4   « 

ft 

07 

'iiiH  S'>07S'271'S2^") 

S2H7 

Si".»:i  S1.W  S3fNl  a312  83I9 

3 

3  a 

4   ft 

ft 

^^H 

flS 

s-iifi  -vini  .^t;iH  s.-?  1 1  <-i.M 

S357  8363 ,8370  S370  8382 

3 

3  s 

4    4 

ft 

^^1 

69 

s;!ss.s.*iy.-),s-ini  Mi>;>ni 

M20  S426  S432  843«  84-15 

3 

3  3 

4    4 

» 

•        -J 

70 

fi151SI')7'^l''i~^  '^■l70>i■l70 

>^S2  8488  8494  8500  8506 

3 

a  3 

-1    4 

ft 

71 

S513.Viris.');.T>^.T;il  sXil 

SA43.8&4g  855.5  K5AI  R5fl7 

! 

2  a 

4    4 

s 

I   m 

72 

S373  s:,7n  s:,-<;  s.Vi  |  V,\i7 

Sn0380098GI5Sfl2I  8027 

3 

3  3 

4    4 

ft 

^^H 

73 

8633  St^iy  mU5  sWl  .%.i7 

S063'S6C0  8075  SCSI  S&SO 

a 

2  .1 

4    4 

8 

^^H 

74 

S692'HGys  S7IX  S71f)  S7lti 

S722  W27  8733 

8739,8745 

2 

3  3 

4    4 

S 

*    ■ 

1                  (         1 

s7:.i  sr:>r,  .s7'y  s7i^  s77 1 

S77»j878S8701 

870718802 
RRMI8S50 

2 

2  3 

3    4 

.    ■ 

7''> 

>SU^  SS!  i  SS.'d  SSL'.'',  SVil 

SH3788428S4S 

a 

2  3 

3    4 

77 

-;st.A>t-s7rss7ijV"^^j  s'^'<7 

S'<93  l<l«90  Sf>0 1  *t9I0S[il5 

I 

3 

2  :i 

:t   ( 

^^« 

7S 

stlJl 

sy27  SM2  s(*;is  s:ii3 

SIM^J  SlLSl  Slillli  S',Hi.5SU71 

I    2| 

2  3 

n    4 

s               1 

79 

sy7t> 

.S9SliS0S7S!>U3S!t!.l 

1        1 

!,»( H )  1  yi  i(  )•,)  yo  1 5  ill  j.  JO  yij25 

i 

3   3 

9    4 

»               " 

80 

vn;u 

9036'o(M3;B047  005:1 

ivm  y'i63  0060  9074  9079 

2 

2   3 

3   4 

81 

0OS5 

»(ftH):»096910i:flIf)6Mn  "ur,  iH2'.'U|2Hyi33 

3 

2  3 

3    4 

82 

fll38 

g}4z\9iiQ\oimQimh)  :  •]:<  ''\~59i^0Qim 

3 

3    3 

a  4 

at 

91&I 

9100  9201  tWMj  !»jr.V' J 17^   .  ,  !»J J7  l> J32  ^SiH 

3 

2    S 

.1    4 

81 

9'J43 

924S  9253  91'5M  92(^1  'i-'  ■  t  ■  h_ ,  1  ;t  J7'i  !I2S4  y2>^SI 

1                    1 

2 

i  3 

3    4 

85 

92W 

9299930493099315''.'.  ■'"'Vh.   d  .;    ,  ^:M0 

3 

2    3 

a  4 

80 

«34:> 

93.'W».'I.'>fl!t:WI'Hl'i.'>N,i,ii'r'   /-.■i'Mi '.  I-  .■t:iyii 

3 

2   J 

a  4 

87 

93fl5 

94OOlD105t»ll'l-'ll  ■,■'!  ."H     -.  ■.!   ,ni.  ,  „V,|10 

0 

3   3 

a  3 

Rs 

014.'. 

94509  15.5UMrfHM-,.. 

.1  i'l'.'  ;>r."  1  '.'  r.'.* !'  r-l  '.MM) 

0 

2   2 

a  a 

80 

9494 

9499:9604 &5i«i.y.'il3 

I1.M.S  1I323|(I52S  »,>.i3  urA'i 

1 

0 

2   3 

3   3 

«o 

B542 

9M7|95629.^'J''r,.>.' 

y,'.(,*i  {1671  0576  o.")  1  y.wr, 

0 

2   3 

3   3 

»] 

9&X 

9K5WO0mu-  ;.>n 

•iil  iyRI9|96241if;js-n;:i:{ 

1) 

3    3 

J   3 

02 

ata<' 

9ft43tMVI7  9i>,Vj'."..'iT 

,>',pil  [n-'Wl^f""!  fttV7."  i."V>'l 

I) 

3    3 

3  a 

0S 

dOHB 

90899lHt.|W/i9',)'7n;t 

1711-  'i;i:i  ''TIT  !'Tj_'ii7J7 

(1 

3    2 

3  3 

04 

BTJI 

9736;0741O715,y70') 
1 

y7.M  '»■,;,■.  'iTilI  '.I ,■(.■■  y773 

0 

2    3 

3   3 

05 

Br77 

97B2  97W97T>I  *>7!)5 

'IVIHi  '!■-.■, ,-,  'P-  'I'i  '•■  1  1  'jSlf* 

0 

3    3 

S   3 

M 

HVJ-i  f|.;;7  ')-?.'  '■>  '.i;  ■^•^  11 

iMV. --■■■.-  ,;  ■!-  ■,  .  ,.siB 

0 

, 

3    2 

»   3 

97 

)s(.^  H'7."i-., ;  ',1-- 1  ■►--■. 

.-;mi:i-  1 1  ■.-■I'I  ■>  li    '.'IMXI 

0 

2    3 

3    3 

OS 

90l2»!U7'i' I'XUmVJV.Il-l'MWWSi 

0 

3   2 

3    » 

w 

WSOOOOl  't il  ''.t7.s,WH3,99S7  9901  DOM 

1          .          ^         1         '          1          1 

0 

't 

3    « 

a  4 

1 

^^m          $90                                     ANTILOGARITHMa                 ^^^ 

^ 

H 

Paortranotuj.  Pam&                 1 

^^^^^H 

0 

1 

2 

3 

4 

fi 

fl 

7 

8 

B 

_  .      .._               1 

^1 

1 

I 

3 

4 

S 

0  7 

8 

• 

^^1 

IfWO 

1002 

1005  IOO7I 1000 

1012'lO14 

1016 

1019 

1021 

0 

0 

1 

1 

2 

1 

3 

^^m 

1023 

1026  1023  1030  1033 

1035  103S 

1040 

10U> 

1045 

0 

0 

1 

I 

s 

s 

3 

^^m 

1M7 

1050  10521054  1057 

1050  1062 

106-1 

1067 

1060 

0 

0 

I 

1 

2 

2 

3 

^^M 

1072 

1074  1076  1079  ICJSl 

10N4  1086 

1089 

1091 

1094 

0 

0 

1 

1 

3 

3 

3 

^^M 

1096 

1099110211041107 

U001U2 

1114 

1U7 

1119 

0 

1 

1 

S 

2 

3 

3 

^^1 

H22 

'         1 
1125112711301132 

11331138 

1140 

1143 

1146 

0 

1 

2 

3 

3 

3 

^^H 

IHS 

1151  1163  ll.W  1159 

1161  1164 

U67 

1169 

1172 

0 

1 

2 

3 

a 

S 

^^B 

1175 

11781]S0,1]S3  HSfi 

11S9  1191 

1194 

1197 

itso 

0 

1 

2 

a 

3 

3 

^^B 

1202 

1205t208;1211  1213 

1216  1219 

1222 

1226 

1227 

0 

1 

3 

2 

X 

3 

^H 

1230 

l?Ar  1236  1239  1242! 

12451247 

1260 

1253 

1266 

<) 

I 

3 

2 

2 

3 

^H 

1259 

12021205 126s!  1271 

1274  1276 

1279!  1282 

1285 

0 

* 

I 

2 

s 

3 

3 

^^H 

1285 

1201  1294  1297  1300 

1303  1306|1309  1312|13l5 

0 

2 

3 

2 

2 

3 

^^M 

1318 

1321  1324  1327  la'iO 

1334  1337  1340  1343 

1345 

0 

2 

2 

3 

3 

8 

^^M 

1^49 

1352  1355  133s|l3fll 

1305  !368f  1371 

1374 

1377 

0 

2 

2 

3 

2 

8 

^^M 

1380 

1384  13S7  1390  1393 

1396  UOO 

1403 

1406 

1409 

0 

2 

2 

=• 

a 

8 

^^m 

1-113 

1416  1419  1422  142P 

1420  1432 

1435 

1439 

1442 

0 

3 

2 

2 

3 

3 

^^H 

1«5 

1449  1452  1465  1459 

1462  1468 

1469 

1472 

1476 

0 

1 

3 

2 

2 

3 

a 

^^B 

1479 

1483  148014'-"9  1493 

H96  1500 

1503 

I507|  15111 

0    1 

3 

2 

3 

S 

8 

^^B 

1S14 

1517  1521  1524  152.S 

1531,1535 

1538 

1542  1515 

0    1 

1 

3 

2 

a 

S 

8 

^^B 

IMS 

1552  1556  1560  1563 

1         1 

1667  1570 

1574 

157S15M 

0 

1 

3 

a 

a. 

3 

a 

^^l 

15S5 

1589  1602  1606  1600 

1603  1607 

1611 

1014  l(ll>t 

Cf 

1 

2 

2 

z 

S 

a 

^^B 

ie22il826  1629  1<V13  1637 
106qi«S3!l0O7  1071  1075 
m9R,l702  1706  1710  1714 

164||1&U 

164S 

1652  1656 

C) 

2 

2 

2 

3 

s 

a 

^^B 

1079  IttS3 

IftS7 

1690  1694 

0 

3 

«i 

3 

i   i 

a 

^^B 

171  Si  1722 

172611730  1734 

0 

1 

'2 

-* 

2 

3 

3 

^^B 

1738  1742  1740  1750.1751 

176S;1762 

1706 

1770  1774 

0 

2 

3 

2 

3 

3 

^H 

1778 

17S2;tWl791-1795 

1799 

I  SOS 

1807 

1811  18ia 

(1 

2 

3'2 

3 

3 

^^              ^6 

1820 

1824  182.8  1S32  1S37 

IMl 

IMfi. 

1849 

IS54,1S5S 

0 

t 

2'3 

3 

3 

B             ^ 

1S62 

ISOfl  1S71  1S75  1870 

1S.S4 

1888 

1802 

1897  1901 

0 

1    3 

2    3 

3 

3 

■^               JW 

1905.1010  lOH  l!>14  1323 

I92S 

1032 

1930  1941  1945 

0 

1    2 

2|3 

3 

4 

^ 

1950  19M  1050  19G3I96S 
1 

1972  1977 

19»2 

19S6  109I 

0 

1    '* 

2.3 

3 

4 

^0 

1995  2000  20012000  2011 

201,8  2023 

2028 

30322037 

0 

1  1  2 

2    3 

3 

4 

^I 

2(M2  20.1«  2051  205ii  L'Ot;! 

2066  2O70 

3075  20(M}|20S  1 

a 

1     2 

a'l' 

3 

4 

^2 

20S9  2091  2090  2104  2]{i9 

21 13  21  IS 

2123:212s  2133 

0 

I    2 

2   3 

3 

4 

.13 

2138  2143  21-18  2153  215'^ 

2103  216S  21731217812183 

0 

1    2 

2|3 

3 

4 

^4 

218SI2193  219^  2203  22US 

2-J13  221812223  2228  2234 

1 

S    3 

3    3 

4 

4 

J5 

2239  2244  2249.2254  2259 

22651227012275  22S0  2280 

a'3 

3   2 

4 

4 

Jfl 

2291  2290  2301  2307  'J:U2 

■2317 

2:t2;i  23  J.S  2:133  2:139 

2    2 

3    » 

4 

4 

^7 

23hI23.50  2355  21100  23tW 

2371 

2377,2:i.H.'-i:ts?>23y3 

2\2 

3   t 

4 

4 

.38 

2.309!2101  24I02415212I 

2427 

3432I213'' 2113:2449 

3    2 

3    3 

4 

4 

.39 

2455,2400  2466  2472  2477 

3183 

2489  2495  2S00  2506 

2    2 

3    3 

4 

a 

.40 

251 2  25IS  2523  2.')29  2535 

2541 

2547  25S3  2S5p'2664 

2 

3 

a 

1 

4 

4 

s 

.41 

2.W0  2.'i76'2.W.>  ■J.'VSM  2594 

2600 

2C06'2KI.!  ■■>■■■      '     1 

3 

3 

3   4 

4 

3 

.42 

2630  2G36I2012  20J9'2W5 

2«6I 

2667,267 

2 

2 

3I4 

4 

8 

.43 

2692,2698,2701  i;  10  2716 

2723 

2720|2730..  ,--,..•> 

a 

3 

3    4 

4 

S 

.44 

2754  2761  2767  '-'773  27^0 
i         1         1 

■27Hli  279312799  2rtf>5 

:»I2 

a 

3 

3   4 

4 

B 

.46 

2S16 

2S25bi31,2S3S2?^H 

2851I2S58  286-J 

2871 

2S77 

3 

3 

3 

e 

5 

M 

2SS4 

2891  2S07 

2904  ;20n 

■Mil 

2t»24  2931 

2sas 

2944 

3 

3 

3 

9 

S 

A7 

205r295Sl»« 

2»72 

2019 

296S 

2092^090 

30O6 

3013 

3 

3 

3 

S 

4 

.4& 

3O20  3027  3034 

3041 

3048 

30SS 

30620066 

3076 

3063 

3 

3 

4 

s 

• 

^^^ 

3U90;309731053I12 

3119 

3126  313313141 
1 

314S 

3156 

S 

3 

4 

s 

fl 

4 

^"                                                              -* 

.BO' 
.51 
.62 
.63 


M  34(^7,3475  34»3[340I  3-190 


.52 

.57 

.60 
.61 
^2 
.63 
.64 

JOS 
£A 

JB7 


70 
.71 
.72 
.73 
.74 

.75 
.70 
.77 
.78 
.70 

JtO 

HI 
32 
.83 
.84 

.86 

JB6 

.87 
.&S 
.80 

.00 
.91 
92 

AT 
94 


3311  3.'il93327 

.■|3S.>:(,3a9tl  3404  .HI  2  34'JO|342'i3-i30  3413  3451  34511 


3Ws!355ij  35(i5i3573  S.'i'*! 
3113 1  '.1(i:iy,3iH  S  305li  .Ififi  I 


3715  37-24  3733 

3S02:3Slll3SI9 
3S90i3899|390S 

3&Slk(M)O3!>00 

4074  -tusa  ^(nl;l 

4Ifi94I7841SH 
42G»;427fi42S5 
1385  4375  iSSa 


3741  37511 
.382S  3H37 
3917,3921 


4000 40 IS 


4102,4111 

4l9>tJ4207 


35^0!35(}7  3C0fll3»H  4 .1622  i '  2 1 
:m73i3(wi  .3t;',»i,.iiiyH37C)7  j  2I 
375'-[37<17  377rv37H4  3793  j '  2  | 
3K40  a-iSo  3SD4'.3S73  3R.S2  1 1  2  ( 
392f>|3936  3045  3»5l'30()3  3972^  12 


4027 
4121 


4036;'1046  4055  4a&l  1 
4I3(M14(M15<I4I59  ll 
4217  4227'423fl  424fi  42541  1 
421)54.'J06|43IS4325i43.35  4315  435,^:1 
4395  4406  44m^4426  4436  4440  4-157  I 


44C7  4477U4S7  449S|4«)^  451914529  4539  45,50  45001 1 
4571  45.S1  4.W2  4(»l«  4t>l3  4li24  4ll34l4li45  4lioti40fi7  j 
4677i4B8S4twl47l0  4721  4732  4742'47.V3  47lM  4775^  1 
478«;4797  JS0>i|4S19!lS3]  4S42  4S53j4S(i4  4S7S  48S7  i 
1956  liMlti  4fl77  40SU  WWIJ  t 


4898  49419  492(1:4932  4913 
5012  5023  SMS  5047  505S 


^129  514(1  5152  51 W 

524>*5260'5272'5'iK4 
r>370  53K3  5395  54(lS 
54955508,5521,6534 


5176 
529 
5120 
5541) 


5623|5«36'5649  50fi:'  5075 

5754.57(W'57Sl!579.i:5sr)S 
W88  5902  591 0  Ht.-j  50 13 


3026 
9166 


603DW.S't  *>(■<;7^ll)^I 
6180  6ilH02tRl|0223 


S310  6324 
11457 '0-171 
OR()7  0622 
0761 '6776 
S9 18.6034 

70797006 
7244  7261 

7113  7430 


T?62 

7943 

S128 
S3IS 
Ml  I 

a?  10 
8913 


7603 


6037 
6792 
6950 


6339  63531636.*! 

6SlJ^  t">'%ii;t 


712«|7HS 

7295,731 1 

7401|74«2 

765*1 


7112 
7278 
7447 
7«2r763SJ 


7780  779H,  7810:7834 


9338 
MOO 


7902  7H 
SU7  '^ : 
8337  »^j., 


S3    4 

3    3    4 

2    3-4 
2    3    4 


5O7O!5OS2!5O03  51O5  5117 
51SK  521X1,5212  5224  523(1 
5309  5321 :533.'t  5346  5.35s 
54:H  5445  5-I5S  3170  54>y 
5-559  5.572  55.S5  559K  5610 

.VWfl  571)2  .5715  .572^  .5741 
.5Sj:|  .'■.S31 .5slH5S(iI  .5S75 
5H57  5<»70  59S  t  599^  .101 2 
lMRt5«llJ(HJ124  tJ13,Sfi|52 
G2;i7  G252  62&li  (52SI  C29G 

(Wft3'6397'6412'w27  6442 

i;.'i  ■.■.!■  r,rrfil  16677  6692 

.!>■  "  'i7I4'6730  6743 

Kl'j'>&5«SH7 168876902 
ii99S  701 5  703 1  7IM7|706a 


7161 
732Ji 
7499 
7674 
7852 


7178  7194  721117228 
7345  7302  7379i739fi 
75167534  7551  750« 


7691 
7870 


7709,7727  7715 
7889,7907,7925 


S531 


8730  87508770 


8938 
OUl 
93M 
9572 


gtao  OUl  0162 


.95 
•6 
:D7 
M 

J|ll0772979S1H17 


8561  8670 


036*9376 


S054 

0162 
B376 
9594 


a074 
0163 
0307 
0616 
OHO 


8.V(' 
871)1 


.    ■-;f>MSlW2809IRII0 

.241  8250  827'JS_''J-I 

.     .433S-I.'V1V|7.."SI!.:' 

stiMi  M"iii  sp.,"^,i  M,7it  '^0."i 

s->iu  ssii  SS51  >is;-'  s-vi.; 


8995  901  fl'903flW57'907H  9099 

B2041I-'      ■ ■-"MHKIlt 

941^1  .'.1K1952N 

9638ll'-  ':27975<J 

086311  "54  9977 


fi    6 
£   0 

e'  e 

fi'   H 

s'  « 


s 

5 
5 
fl 
0   7 


6   7 
fl   7 

6.  B 


S  7  a 

7    8  9 

7    8  0 

7    8  9 

tI  8  0 


B  0 

SIO 
B  10 
BIO 
SIO 


ft   PU 


tan 

10  11 
10  It 

iota 


0 
D 
S  IC 

clioii 

0,10,11 


10  II 

11  13 
II  12 

IS 

IS 


lU  IS 
II  12 
llllS 


7 

H. 

«: 

S[  D|1I|13 
6  10  11  1> 


BIO 

0:10 


13 
I31S 

13I14 


1>,U 


0:11  1214 
S  11  IS  14 

D  II  13 14 
Oil  13I£ 

I '  1  1 1'  1 1  14 
i.  ;  I  1« 
11  18 


18 
18 
I« 
10 

IT 
IT 
IT 
l« 
18 

1« 
18 
38 
30 


y  u  L 


y  y 


2  5         10I5        20       25       303540506070 


JUUyUUnll 

2  5         10        IS        20       25        30        35       40       so       60        70 


y  I 


JUil 


2         S         to        15        20       25       30        35       40       50       60        70 


AB8ENIC  STANDARDfl.  Bm  pifM  811  wA-a^a.. 


INDICES. 


INDEX  OF  AUTHORS. 


A. 

Alpfcld,  E.,  Determination  of  chlorine 708 

Allncr,  Hi'ti-j-rtunation  of  carbon  monoxide 763 

Andrew,  L.  W..  Cw  of  nyta*"iijui  ii»l»l«! fl72 

Andrews,  Voliinietric  esUniHtiun  of  nickel , 720 

miipliuric  Mid 716 

Annf  l«r,  l>t<^nninalifln  of  osnne B77 

Amdl,  CombuBlion  of  nitric  oxide 808 

Aritmr,  Volumetric  esLimation  of  nickel 720 

Augenot,  Sepiiriit inn  of  tuniiittrri  fnim  tin 300 

AuflUu,  M.,  Deterniinatiou  of  maKnesium 00 

jnanRKoesc 120,  126 

un« 140 

B. 

nanibrr,  Method  for  drt^rminind  mitphiu-  in  iron  uid  steel 364 

Itami-bfy,  <).  L.,  Uetwminarion  of  titAnitun 118 

BaiibiKny,  IX^mii nation  of  antimony 222 

Heckctl,  E.tl 223,224 

]k>il}<t«-iij ,  KltTtrotytic  detennin&tion  of  cadiiiium 180 

Ueihoubek,  \'ulunit.'lj-ie  dvlcriuiruition  of  unHnium 621 

BcTi»,  DRtitrminaliim  uf  lliuriuin , filQ 

Bergmann,  Elcctr(^lyt«iH  of  iiidccl  mlutioiiB 131 

Screen  for  reading  biirctt« ., JS8 

Bertbelot,  Ab«jr[iti<ni  of  buMisenc 758 

Diolribution  uf  iodine  between  two  solvenla 6118 

ncnelius,  AlkiUint  in  ulicatc* 408 

Mn-ciirous  tiingBtAte  prccipitatioD 380 

Silicic  aoid  pr^ripiLation 473,  489 

Vaaadium  ileU-rmination 304 

Bills,  W.,  tx-piLnition  of  iialidtm  fn>rn  itulphidea , 328 

DUck,  Colonoivtrie  dctri'tmnatiuii  of  anciiic 208 

Soi 


896 


INDEX  OF  AUTHORS. 


Blair,  A.  A.,  Conditinn  ^nr  milphttr  in  irrm  nnd  Meel 353 

Direct  comboslion  of  steel 413 

ManRiiDose  iii  HteoS,  iron,  orra,  et« 0L6 

PliOBplionui  ill  iruti  luid  Ekt'l 037 

Vtuindiiim.  inalybdcjxiin.  chmniiiini,  and  nickcJ  in  eied. . ,  313 

BtruKtalo,  W.  C,  Scporittion  of  calcium  one]  mugnc^ium 77 

Blo»wn,  Electrolytic  df t(>r minfttirin  ai  arsenic 2]2 

IVSiikiiintiii,  Siilfifiiir  m  inwilulilp  «ul|>liid(« 358 

BotiK,  Ci.,  Dcco[iiiH>«itioo  of  silicates 400 

lJop(!ln*j»,  W,,  Jiiil[)h«(!>'iujic  iwiid 341 

and  hydnopyanic  arida 342 

Borttti.,  Method  of  weighing fl 

Ikireli,  Klettroly tic  detirmiaatinn  of  mcrniiry 173 

iJonniLnii,  ICxiicIIiriK  luiinifMiiii  with  iiinKnwtitiin  oxidv 50 

Borntr&ger,  li.,  I>ctertiunalii>a  of  (ungGtcn 300 

Recuvory  of  iiKiIj'bdcuiim  residues 447 

Boud44,  Emir  in  mfiumnnii;  alcoholir  Hxip  Hilutinns 536 

Ilniitron,  Krror  in  itieasiirinR  nlpohnlip  snnp  fliiliitions S3fl 

BntuEL,  KITDbt  of  carbon  diiiulphidc  on  fitiliniony  sul]>hids 242 

Unmm-r,  B.,  Hcpiutitiim  of  Heli-uiinii  luiil  t.dliiriutii STVy  280 

Brcarlfy,  Vuluniftric  t»litnuUon  of  nicrkv) 720 

BretecliKCT,  M.,  Density  of  acetylene 7&4 

cthylino 751 

Pipette  for  gas  anal)-as 790 

Preparation  of  acetylene 754 

BrodiD,  B.  C,  Oaone 670 

Brvihns,  Vohimetrir  rattmaUnn  of  .'tidiihurio  add .,.-. 710 

Bmtifik,  O.,  CombuBtion  of  hydrogen 772 

Dciterrainatian  ot  antimony 223 

nickri 129 

ScparaUon  of  iroa  and  miinKiuiose 153 

uickel 166 

oickfil  and  cobalt 162 

fine l6Jt 

VolumetxiR  Mtimation  of  hydrogen  sulphide . .       K88 

Brunner,  AmJysiti  of  tun^en  br<3tixB 299 

Dotpj-uiiuiklion  of  antenio 205 

SrpADition  of  Binn  front  njckd,  cobalt,  and  nionipuieOT 1.58 

Bnuih,  Water  in  silicalce 512 

BuDscn,  AlkaliiiietfT 376 

AnnlyEUH  of  chromito 50B 

CombuHtiun  of  nitrogea 807 

Dctenninntton  of  antimony 222 

aracnJo 205 

Igniting  prccipitatCN 22 


INDEX  OF  AUTHORS.  897 

Bunsm,  loHimrtrie  analysis  of  pcroxMM Ml 

.Soj>ankLiiin  of  anwnic  and  aiiUmony 241 

Siiiithility  iA  iiil-roiiM  oxido , 801 

Type  of  burette 514 

Valve 87,98,601 

Volumetric  eBtimation  at  bromiHra OfiO 

sulphuroiu  acid MS 

Bunte,  AppamtuH  for  ){iu<  annJyi^U 7Q8 

BtofStuULT,  A,,  LVta-ruiiiRLiuii  uf  clittirine 70S 

Bmch,  M.,  IXtl^irtniitaUon  of  nitrto  acid 451 

BuBvoId,  N.,  jVimlj'HLt  uf  (puoi  ricb  in  cblorino SIO 

llonRity  of  hydrogpD  rhlnride 814 

Expcrimcntii  -Kxlh  chloriiic. 812 

a 

Conipwinr,  Cliromiiiin  in  flteel 315 

Comphrll,  AhsHrptinn  of  Iiydragnn 771 

DoUTiiiiniiktion  <A  iiickd 730 

IJircct  njiiibuHtion  of  stcct 1 413 

Cariiu,  Mrtlitxl  for  ilfi-4>tu{MUii[iK  cvrKatiie  mibHlwicei. ,  tii.>>> 325,  370 

Curiiot,  A.,  Delvniiinution  tA  lilJtium SO 

Cavi-[iiliali,  Warv.  (taMf  in  rouiinarcial  lutrogon 807 

Cbxiiccl,  nt-tiTiiiinulion  itf  til u mini  11  m 88 

•SepTimt  MMi  iif  imti  .ind  I  iliuitum 116 

Chiignn,  W.  II.,  Unrii'  &ciil  in  .iilicHtm   ,      SM 

ChriHt.vnfiun,  A.,  Mudtllir  iruii  in  Uil-  pitsl-U'Ix?  of  oxide 013 

Chriritic,  W.  A.  K.,  ('oiiipiitatioiiH  in  w\»  ntuLlyais 783 

Density  uf  mrlmm  ijioicidc 760 

chlorinp 808 

StondKnlixiil  tnri  of  |KTmanf[]utat* W 

Citike,  F.  W.,  Elcclrnlytin  dctpmiinatioQ  of  mercury .«.* 178 

Sopnriitiun  of  luit iiiiuiiy  aad  tia 248 

CImsmi,  a,,  [)<>trTtriiji»iiun  uf  milimuuy 224,  226,  227 

carbon  dioxide 380 

tine 147 

Elprlrolytir.  ft|i|iantlii>t ISi 

dcUTmination  of  merourj 173 

tin 234 

8tAndaTrllmtion  of  prnnangouatu 02,  000 

Comment,  Colurimetric  determination  of  nraenic 908 

ConUvt,  Valv«     98,003 

Cooko,  J.  P.,  FlttoUh  iron  In  iuU(;ttt« £08 

CorlciM,  <'urU)n  in  iron  and  hCocI ,,.,,^,  300 

CorniitnlitKrr,  1I-,  Nidtcl  dL'lerimiuitioa.. .  •  >•  •.•..*•>•••*•••••*• 188 


IJNDEX  OF  AUTHORS. 
Dl 

VAOB 

Dakin,  H.  D,,  I>ct.ormiDation  of  tmc 140 

Daoicl,  D.,  XJ(!tt^rniinD,tii>n  of  iron 80 

Daviln,  Dcnxily  oT  nitric  oxule 802 

Deckert,  Apparatus  Tor  chlorine  d^termuution 813 

do  HiM>ii,  TiLriitiun  uf  (vnovyamc  add 032 

lie  Kuuinck,  Dutvniiination  of  ferniiut  iron 504 

nitric  acid > 460 

Dennis.  Technical  gaa  analyai^ .  . . 7ft4 

DciiTiKtrtll,  M.,  Combiuttiori  in  0[wn  tube 421 

DeiUiseti,  E.,  Fusion  with  potassium  acid  fluoride lt)9 

Dcvudn,  Dclcrmiontion  n(  nitric  acid 4M 

IX'Vcntcr,  Prt-piu-ulitm  of  mtriL-  oxtdu 802 

I>evi]]f!,  Rt.  Claire,  Analyflifl  of  nommcrciot  platinum 273 

Wuttr-jiw-kctcd  tube 732 

Dcxtw,  Uel^TKii nation  of  antimony 224 

Diofcntlmlcr,  O.,  Voluinrtric  nttiinHtion  of  ferrlcyaoic  acid 609 

Dielil,  Volumetric  oiuilysis  of  letid  peroxide 47S 

Dictlinhn,  Biirtttc  flout S20 

Diplr,  H.,  Atialysifl  of  indidps . .  871 

Dittinor,  Dett^rrninntion  of  potaasium 45,  4S 

DiU,  H.,  Analysis  of  chloraleji 069 

Divvrt,  K.,  Ahwirplion  of  nitric  oxide , 803 

Donath,  Dcti>niijiiHl,ion  of  ammonia SZi 

Sopttrution  of  tungstf  n  and  tin 301 

Dormftar,  O.  M.  M .,  Dtti-rriiiniilinn  of  nntiraony 227 

Drechsel,  O.,  Volumetric  estimation  of  chlorioe 707 

I>reUacUmidi,  Aunly^is  of  ivut  mixtun^ 784 

Apparatus  for  gas  aQEU>'aa 785 

Piiwtl* 743.760 

PUtinum  capilUry 743,  760 

Dntuin,  Quolitalivc  detection  of  carbon  monoxide 760 

Dron-n,  T.  M.,  Det^rmimitton  of  silicon  in  iroii  uid  8t«el. , 442 

Dudley,  Determination  of  jihottphorus  in  bronze 239 

DuLiu,  Dc'lcmiiEiuliuii  uf  cuppor 724 

Dumaa,  Motliod  fnr  dot«rminiag  QitroKeu 422 

Duposqtiior,  Voliim«?tric  cMimfttJon  of  eulphurouii  add A02 

Dupn^,  DcU-rmination  of  polawium 44,  45,  40,  48 

Durkvs,  Bfjniiidini^  hydroi^hWidc . - .   714 

Diuchak,  Detcnninutioii  of  eulpbimc  acid 460,  460 

E. 

Eddy,  Dct.orminfttio'n  of  mi^cnmum 6S 

E^Xertx,  FrM-ipitaiiou  of  ammonium  phosphomolybilato 436 

Eoiicb,  Ovtvruiin&tiuu  of  nitric  oxidu. *..^...  803 


INDEX  OF  AUTHORS.  899 

r*aa 

EdkcI,  EltKiLrolytic  detfrmi nation  of  tin 23$ 

EhrHh,  Dctvrminatinn  of  potaMBJum 48 

Englcr,  Thror>'of  oiiiiiation COS 

Erdmanti.  Drtcrmination  of  mercurj' 172 

Euler,  8r{iarrLLion  of  vanadii;  luul  inolylidic  ockls 6GA,  667 

F. 

Fftirbftnkfl,  Vo'liimctric  PBtimfttinn  of  molybilcnum 667,  068 

Feldtiftus,  Grdvimctrif  mCiintilinn  of  cyftcingen 337 

Fere:hl*nd,  P.,  UeLermtnation  of  (■hlorine 812 

Finch,  G.,  AnHlji*iN  of  fiimiiiK  nulpliiiric  »cid S77 

F^nkener,  DeterminatiuQ  of  nntimuny 224 

rermeyaoic  acid S43 

phoHplioric  luud '. 439 

Precipitation  of  potAmiiim 47 

Volutnf^tric  estimation  of  sulphuroun  &oid 692 

Fischer,  A.,  r>eti'rtuiiml.i()n  of  antimony 225,  227 

E.,  Separation  of  lUTsmic  on<]  ftnlimony 245 

N.  W,,  iiicpvaUnn  of  nickel  and  cobalt 102 

FitEfnkani,  R.,  DotMMiiinution  of  potiiwium Al 

Folin,  n..  Determination  of  Bulphuric  acid < 409 

FolieniuB,  Determination  of  cadmium m 

FoQu),  IX'LcriniiiBliun  of  boric  iicid , 438 

Fonlo^,  V'oLiimrtriR  ralimatiun  of  aulphitroun  acid 093 

Ffiniter,  F.,  Analynis  of  femiim  roduftum 612 

Pilr^trolytic  drpo^^ilion  of  cnppcr 187 

Di'lrriiiioHtion  cif  aiktiinony 4  ,,,.* SZ7 

Trvtinic  of  rommerci&l  platinum *..« 270 

Franxcn,  Um?  of  hyiJrotsulphite 700 

Frnwntua,  AlkutLnic>liir 376 

D<!tcrniinnit>on  of  airt>on  dioxide 3SD 

potftAsiutn 45 

Hulphur  in  mUphuIea 367 

dirfaic  pivoipiUtm 21 

SUDOtrolrA  of  nickel  wlutiofui ISl 

Sopiirutiun  of  barium,  calcium,  and  elronLium 79 

and  (ilrontium 80 

bJAMuth  and  copper 198 

CjUchim  und  ma|tne«iura 70 

eoppHjT  and  cadmiuiu 3(U 

Solubility  of  boriuni  chromat« 7B 

fltrotitium  corbonute 73 

milphaU* 73 

Volumetric  catimation  of  fcnic  iron 087 


900  INDEX  OF  AUTHORS 

I^eaeniua,  Volumetric  eatimation  of  iodides 657 

nitratea 634 

pyrolusite 625 

Friedberger,  O.,  lodates  and  periodatea 670 

f^edheim,  DetemuDatioQ  of  sulphuric  acid 714 

vanadium 666,  667 

Separation  of  arsenic  and  antimony 245 

vanadic  and  molybdic  acids 666,  667 

BViend,  J.  A.,  Titration  with  permanganate 804,  607 

Funk,  W.,  Separation  of  iron  and  molybdenum 153 

G. 

Gaihiot,  Determination  of  nitrous  and  nitric  acids 826 

Gay'Lussac,  Volumetric  estimation  of  silver 702 

Geissler,  Alkalimeter 376 

Bulb  for  absorbing  gases 416 

Gelis,  Volumetric  estimation  of  sulphurous  acid 692 

Gerlinger,  Determination  of  nitrous  and  nitric  acids 826 

Gerster,  M.,  Preparation  of  fuming  sulphuric  acid  mixtures 580 

Gibbs,  W.,  Electrolytic  determination  of  copper 187 

nickel 131 

Determination  of  magnesium 68 

manganese 126 

Gilbert,  Determination  of  silica 487 

vanadium 304 

Gladding,  Modification  of  Kjeldaht's  method 63 

Gladstone,  Density  of  methane 774 

Preparation  of  ethylene 751 

Glaeer,  Determination  of  sulphur  in  sulphides 358 

Indicators 548 

Gockel,  Screen  for  reading  burettes 529 

Valve 98,  60-2 

Gooch,  F.  A.,  Crucible  for  asbcatoH  filters 24,  25 

Determination  of  boric  aciii 428 

magnesium 66,  69 

manganp.sc 120,  126 

phasi>horic  acid 434 

vanadium 304 

Separation  of  ahiminlum  and  tiliinium 110 

iodine  and  chlorine 331 

lithium  from  Kodium  and  i>otassium 53 

Volumetric  estimation  of  co|»iH;r tWJ 

molybdenum G67,  6t>S 

Gott,  Direct  combustion  of  steel 41;? 

Goutal,  Determination  of  nickel 720 


DiDBX  OF  AUTHORS.  901 

Gran<l«nu,  Dctf-rgnmation  of  nitrio  acid '. 4M 

Uruy,  Di-tii^ly  uf  lutriu  usjilc 802 

GrcHily,  A.,  8G[uirutiun  of  vanadir  and  phiuiptiurio  unds 307 

Cri«e,  Ptrtor,  Cotijriiii(>tric  dettrrmination  of  nitrous  sdil 344 

Grimm,  Krror  in  niPiuiurinK  uunmrnenta. 688 

Mi-niwUH  WHTPt^ ioiw 744 

GrOK(>r,  M.,  IVt«rinmAlion  of  sulphur  ui  HulphidM 8flV 

UroMtnunii,  IX'l<!riiiiiiiitinn  uf  ninkul 990 

Grund,  R,,  MagncHilr  cupcla SAQ 

Cutbiftr,  Dctf'rniiiiAtJon  of  iiilric  add ,   451 

tcHiiriuni 279 

84!|MLriiliim  of  (clluriurrj  nnd  antimony 2S1 

Guyc,  P.  A.,  Dcnaity  of  unelyleue 764 

L-thyli'iie 7fil 

nitric  oxide 902 

Preparation  of  acetylene 755 

H. 

'Jabep,  Absorption  of  oxj'Rnn 7£0 

Comlxitflion  tif  riirlMjn  iiionoxide 708 

Comiiiil  :itEiini4  in  gafi  analysis .   782 

Df t^rtmnrttion  of  bcnxrnt; .  , 753 

eUiyleme 752,818 

Separation  of  benxcnc  and  cthylcno 747 

Harkford,  K.,  IClcftmlylic  dftprrntnation  of  arMnio SIS 

Hiw-n,  Vodintclric  cnlimalion  of  roppor. MB 

Ilxidlcii,  8i'puriilii)ii  <if  lii.timirli  :\ni\  ctkpftcr 198 

coppor  and  ctulmiura 90S 

Uiunpe,  Determination  of  wpper - US 

mangaocae  in  Bt«el A10 

SflparBtion  of  antimony,  anwnir,  and  tin i tSI 

ant  itnony  and  tin j 368 

anH'nic  niid  tin SIB 

Handy,  J.  O.,  PhoKplinrus  in  bIlvI   , 088 

Hnrbw^k,  .Hrparaliou  uf  WnxenL-  and  aot^lylruo >....  716 

Hanlin^  TlydroKf^n  fulphidr  fmni  iniinliiblr  Hiilphidna ..,.., ■ 888 

Ilart,  Abnnrption  of  hydrogt-n 771 

Haiit^r,  rh-lf^rmifittiioii  of  voiiailium S04 

llvath.  Volumetric  tnliitiutton  of  copper 482 

Ht'lM-Hi-in,  Dflcrmination  of  Kulpliot-yanJc  acid 840,841 

Hofti,  F.,  Colnriiti(?lric  cKlimntion  of  ancnjc 308 

Drtt^mi  I  nation  of  anM*nic  oa  amine •>.•* 814 

KIwtrrilyKr  dH»Tminfttion  of  arnonie ,.., .  SIS 

Hi'i'iill.x  '.btivinMl  in  lietcmiininn  amoaic. SU 

lleliiicTt  IX-lvniuiiatiun  of  sulphur  ia  iron  and  atvel ;  Mt 


9o> 


!NDP.X  OF  AUTHORS. 


r 


„    1  ,  '*" 

Hempei,  Aniorption  of  oxyncn 758 

AnalvHijt  iif  illiiminaling  gas 776 

Aiiparatiu  (or  gas  analfsia 743,  785 

Combustion  of  rurbuii  niouQxide 786 

Detwtion  of  ctirbuu  munuxide 788 

Delerminatlon  of  carbon  in  iron  and  sttel 404 

fluormp  an  sil iom  ftiioridt 829 

Rare  gttsM  in  roiiiiiKrriMl  nitrogen    807 

Solubility  of  acetylone  in  acetone 754 

Techiiii^J  icii.-i  lUitdysiH 786 

'SBry,  Non-explosihiliLy  of  rarbnn  monoxide  and  nttrit;  oxide  mixtunu. .     RM 

SbUi  Determination  of  utitimony 218,  222,  225,  2"i0,  227 

boric  add 433 

tin   233,236 

Separation  of  ajitiniony  and  tin 24S 

Hcfold,  Analysis  uf  forrum  rL-durtum 612 

Hibbcrt,  Volumetric  MtimalJnn  of  hydrogen  peroxide 700 

iron , 699 

|ie«ul]>hiirio  acid 701 

HiU,  A.  E,,  Volumetric  cttlimation  of  chlorine 707 

Hiliebrand,  W.  F.,  AimiyaiR  of  tulicatoi 467,  491 

Dehydration  of  julina 403 

Determination  of  rhiorinp  in  minerslfl 324 

fcrroua  iron  in  ailicAtM 604 

iron  in  lalicalvK 109 

sulphur  and  sirnmium . .       60S 

titanium 100 

!iranium 106,  621 

vaniuliiim  and  chroraium 310 

Precipitation  of  vanadium 304 

Kcmoval  of  mdut  from  crucible* 488 

Tt-vtuiR  Kiti»utn6  for  barium 495 

Hinder,  Drcompofiil  ion  of  ailicatca 501 

Jlinmoji,  VoUimetric  r^tiination  of  milphurie  acid 716 

TlinHrliwn,  Tit  ration  of  hydrotltjORilicic  acid 683 

liinU,  Determination  of  Sulphuric  acid 460 

Hofmann,  A.  \V.,  Separation  of  copper  and  cadmium 200 

Hoitsema,  Dctprmiutttiuu  of  liilvw 706 

Hollani,  Del('Tininnl-ion  of  antimony 225 

Kolbgcr.  Volumetric  estimation  of  sulphuric  acid 716 

HolJiof,  Dftrrminnlion  of  copper 186 

HolvOTscheidt,  Detprminalion  of  vimadium 304,  306,  666 

Hommcl,  \\ ..  ScparaMon  of  molybdenum  and  Tungsten 294 

HfiniK,  M.,  Titration  of  Iwric  M<^id 689 

ilopkku^  I'ermanoneo  of  pcrmanganalc  eolution 90 


INDEX  OF  AUTHORS. 


MSI 

TIuMHohinsky,  Separation  of  cobalt  and  nickel 165 

ilulelt,  Ai^puratue  for  di»tillinK  riu>rcury 748 

Dctt-Ttniiialion  ol  sulphuriu  ucM Ath,  469 

Hundffshngcn,  Precipitation  of  ammuaium  pboBphomolybdale 436 

1 

lUneky,  Separation  of  nickel  and  cobalt 16S 

Ilusvay  von  Nugy  Ilusva,  IX-LcriuintLtion,  of  Acwtylcao 73fi 

Nitrous  ueid 346 

Inglis,  Dctcmninntion  of  oionc 877 

Inlwddur,  A.,  DctcrniinaLiou  of  antimony 227 

pR'pnralion  of  wwiiurri  milphMio  rvAgent 225 

labam,  K.  M,,  Determination  of  litanium 1 18 

hlor,  Spticilk  gravity  of  MtroQg  uoids 83S,  830 

J 

Jafter,  Oxidation  of  ruscs 707 

Janm'wn,  V'ulumvtric  ustinvalion  of  copper 672 

Janjni,  Dot'urmiiuil ion  of  cine 146 

Jiinnaflch,  P.,  D(><v>mpofiitic>n  of  silirates 400 

Dctertninatioo  of  ulkalics  in  riUcatea. fiOl 

chlorine  in  apatite 323 

Water  in  fluoHtlicat«ti 484 

nlicAtee fil2 

Separation  of  bismuth  from  lead 195 

if iflini'  from  chloirine 833 

neleiLium  and  t(*ltiu-iuin 270 

jArvinco,  K.  K.,  Dtileriiuimtion  of  phosphorio  acid 434 

JnrvLi,  Volumetric  cstitnaliun  of  nidid 730 

Jawcin,  EWtrrily  Lio  ilfM'rmination  of  cadniium 180 

JcfTery,  J.  II.,  Titration  with  [KTinnnjEonnte 604,  (K)7 

Ji)liriitim,  V(Hhiiiirtri('  <^aUma^io^  of  nicktJ 730 

JohnKton,  Drtormlnfttion  of  pKrwplionui  in  iron  and  hUcI 861 

of  aulpbur  in  iron  and  steel 360 

Jonra,  Reductor «08.  G37 

Jonra.  C.  C,  Titration  wilh  iK'rtnaciKannto 601.  COT 

JiOncft.  H.,  Tilmlion  nf  boric  arid 58S 

Jonnt,  W.  A..  Carbon  monoxid'CVcoppor  compound 76S 

JurdU,  Dehydration  of  silicic  acid 487 

JorBPOErcn,  G.,  Dctrrminutiun  of  maKncstum .- 67 

phoophorie  aeid 434 

Titration  of  boric  acid. S89 

Juogfldach.  Dintribul  Ion  of  iodine  botu-ccn  two  aolventa 058 

K 

Kanlcr,  Dehydration  of  Bilicic  acid. 487 

Kaiwnur,  TitniMfin  of  l>ariiiin  ]x>roxide   ,  .        -- 628 


9<H 


lyXX  OF  AUTtiOltS. 


Keen.  W.  H^  'Btttnt  hnMe. 


4U 


Kaner,  Titr&uaD  mth  pomatigaiuUe ... .....^.  fl0K 

KhUKU.  Dcietfnitilwa  q<  hydni^Bep  paPaiitt ,~. ..  ^BO 

KimuButt,  OnJaliop  of  carboa  wnoaaAe WT 

KjtUiM,  Method  forifetarafaav  iii1n«ea «3 

KhffwHh,  Prilwliiiliiw  rf mUmb^ :£>o 

Kltac»  Detcnnination  of  poUaBtom 4S 

Kneeht,  VotomMrie  otiBAtkMk  ol  hydrogES  potnide _.   700 

iroo flW 

p«nul[diurw  a«id 701 

Knerr,  Qedxttlytic  dcMrminaUon  of  xatsvarj |73 

Knop.  UetarmiDstiao  of  f"""""*™ 82S 

KoofTe.  SepanlioQ  of  nkfcd and  eobalt laS 

Koefa,  A.  A.,  DMamiiutkm  of  Baorinr 47B,  830 

SqMvatioB  of  phra{ihonr  ukI  hyvlrofliMrie  Midi 474 

KotUrauach,  Y..  Reductioa  ol  vdghu  to  «»etw 13,  14 

Toting  «f  wdf^U UJ 

Koppwchoar.  W  .  I>-trnniiiatkia  of  pfaeool. 004 

Korbuly,  M,,  .\bmrpiiim  of  baiicne .....<..... 783 

Kramers,  G.  H.,  I^napitation  of  nnc  an^ibtde IQO 

Kraut,  K.,  I>rt«niiinatian  of  nidul 139 

Kreider,  Prcpantion  of  perchlonc  acid ..•........•*..*....    SI 

KrciUiiic.  t'ae  of  burette  float* O 

Krug,  Determination  of  aulphur  in  iroa  aiMl  ««<1 369 

Kiialer,  DetnTninstioQ  of  Kulphnrie  aetd 4tt7 

Sodium  hydroxide  mlutioa  free  from  a&ali  corbonam 56S 

TJtratioDof  alkali  carboiutca 882,204 

Ktuma,  B-,  Separation  of  aekmum  aod  tdhutun  from  metdb 380 

L 

LadesiLiifK.  R.,  Detcmunation  of  oauoc 077,  fiSQ 

La^tis  E.,  Det^rnuDRUon  ufolTer 318 

l.anKbeck,  H.  W.,  Ortbo-nitropbrnol  a«  iadioator MS 

Leberie,  Oeltttiiaatioa  of  ban SB 

Lccoo.  OalocisKtfifl  determination  u(  iodine Ml 

Lerr«nier,  Dctpnninalioo  of  aotimooy 23S 

Leduc^  Deoaity  of  eafbon  dioaide 750 

chlorine W6 

hydrn^ivn  chloride S14 

Jtydrogen  sulphide 34S,  816 


INDEX  OF  AUTHORS.  905 

FA«a 

Ledue,  Density  of  sulphur  dioxide 815 

Lefort,  J.,  Aqua  regia  for  dissolving  sulphides 362 

Lenssen,  Titration  with  permanganate 604 

Volumetric  estimation  of  ferricyaoic  add 694 

Leutold,  Combustion  of  hydrogen 773 

Levol,  Determination  of  arseuic 206 

manganese  in  pyrolusite « 624 

Solubility  of  magnesium  ammonium  arsenate 208 

Levy,  Volumetric  estimation  of  copper 672 

Liebea,  Volumetric  estimation  of  formic  acid 626 

liebig,  J.,  Determination  of  carbon  and  hydrogen  in  organic  compounds.  414 

sulphur  in  organic  compounds 371 

Separation  of  nickel  from  cobalt 163,  164 

Titration  of  cyanogen 711 

Liechti,  Determination  of  nitric  acid 460 

Licdemonn,  Abporption  of  oxygen  by  phosphorus 769 

Lodienians,  Determination  of  arsenic 208 

Loose,  11.,  Methyl  red 643 

JjOsekann,  G.,  Determination  of  zinc 140 

Low,  A.  H.,  Analysis  of  copper  ores 725 

Determination  of  copper  by  iodide  method 682 

potassium  cyanide 725 

lead 727 

Lowe,  Separation  of  bismuth  and  lead 195 

LOwentbal,  J.,  Precipitation  of  tin 232 

Titration  with  permanganate 604 

Luckow,  Determination  of  antimony 224 

zinc 147 

Electrolytic  determination  of  mercury 172 

Lunge,  G.,  Analysis  of  fuming  acids  ~ 579 

pyrolusite 624 

Dehydration  of  silicic  acid 4S7 

Determination  of  carbon  dioxide 388,  391 

nitrous  acid 345,  626 

sulphur  in  pyrite 362 

-Rey  pipette 575 

SeT)aration  of  ethylene  and  benscno 756 

Soluble  and  insoluble  silicic  acid 507 

Standardization  of  pcrmangaoatA 92 

Specific  gravities  of  ammonia  solutions 841 

strong  acids 838 

Universal  apparatus 387,  823 

Lutlier,  Analy^iit  of  chlorates 669 

OionB 677 

Lux,  Analysis  of  red  lead 623 


9o6 


INDEX  OF  Am 


M 

PAOB 

Manchot,  Titration  with  pCTmanganate <K)6 

Marchand,  Determination  of  nii-nury 172 

MMchlcwnki,  l>UTt]i>iiKlton  uf  carljoti  dioxide 3SS 

Specilic  Kravities  of  htrociK  acids S38,  S39 

MancoschcB,  C  M.,  Aaalysi'i  uf  iutliik« 671 

Margu^ritto,  Volumetric  t%lintatjnn  of  iron 69,  OH,  G03 

Marqiiardt,  Analj-f-ia  cjf  fpiruni  n-Juctum 612 

Marshall,  M.,  Colorimctric  dotenuinatiuii  of  ttmngftneM 128 

Marti,  E.,  Oacynen  iii  si-ii  wiittr 740 

Mascaziini,  I>el«rniiiiatiD£i  of  antimony .•...  224 

MoMuuriii,  Dcttrntiiimliun  uf  chmmiiim 103 

May,  W.  C,  Drying  IcaH  [wroxide  d(>p<osit« 178 

Mayer.  L,.,p.ct4;rmL(iation  of  Ijthnim 56 

Purification  of  mercury 747 

Mayr,  D.  K.,  r^-lvntunalioii  of  antimony 227 

McArtbur,  Determination  of  |joUu«»ium 45.  48 

McKay,  Dilorniinaiiuu  of  arei'iiic , 206 

Mcusd,  VoUimrtric  nnalysin  of  iodides 6S6 

Merck,  Dotcmiinnliun  of  nivlAllic  iroa  in  tite  prcaeocc  of  oxide 61 1 

Merlin^,  Dt-Urrfuiiiation  of  lilhiutn.  , 56 

Metil,  DcUTmiiiatioii  of  tuitimony 221 

SoporatioD  of  antimony  luid  tin 24S,  250 

Meyer,  J.,  Dvtcrtninutiou  of  manKoncee 126 

Mcyw,  v.,  Niiroiut  oxide 800 

MichKelis,  Separution  of  Ar;<enic  aod  antimoay. 346 

Millbcrg,  DvLyJraliun  of  eilicia  acid 487 

Separation  of  solulile  and  iniwlulili;  silicic  acid SO? 

MiUcr,  Notes  on  siuaying 264 

Miolali,  A.,  Kloetrolytin  d^-tcnn  I  nation  of  mercury 173 

Mi«t«U,  W.,  PrppaTHtion  of  t'thylene 751 

MilMherlicii,  Determination  of  rvrrouA  iron  in  sQioatM 504 

Mitlaah,  Separation  of  irun  and  maoganese 154 

Mohr,  Dcfinitiort  of  X\u^t 631 

Titration  vrith  pyroluaita 62S 

Mohr,  C,  Volumetric  cvtimation  uf  iron 681 

ferric>'ani<:  acid OBI 

Mohr,  F.,  Determination  of  bromine 700 

chluriaa 708 

Preparation  of  licmuB  mlution.^.  ..«^... *..>•.. Mi^ 

Mailer,  Titration  of  fluoallicic  acid £83 

Moore,  Volum«>tric  determination  of  nickel 7S0 

Moorn!,  C.  J>,  Purilioation  of  rtwrcury .....i..* 747 

Moree,  Permani.-uce  of  pt-rnmoiianatc  oolutiuQa •...     90 

Maruu.  VolumeLriiidutcrmimitiou  of  sulphuric  acid 710 


INDEX  OF  AUTHORS^  907 

rAOk 

MtittcT,  K.,  AnnlymB  of  ioHAtm  anr)  prriodattB S70 

DL-ltTininution  of  fciricynnio  iwid    0B6 

MiiUcr,  M.,  S^amtion  of  tplluriiun  and  edcriium 37ft 

liitiKiitfMi  lutii  tin ,,,,..  301 

MtiUer,  W.,  Use  of  bcnsidine  hydrochlwrid* 714 

Muaroe,  C.  E.,  Crut-iMc  with  pliuinim-O  fcEt 27 

Mutbmann.  Separaiiuu  of  tcUurium  and  autiiuooy 281 

Mylius,  TcfftinR  romineroial  plntiniim 276 

N. 

NmT,  8pMttB  pavitiis  of  rtronK  a^idti 838,  880 

NeJkt,  p.,  Drtirmination  irf  iLntriiic; M5 

Sf^arntifin  nf  arscnir  and  nntimony 243 

tin 266 

Ncubnuftr,  Deter niination  of  cyanogen  aiid  halogaui. S39 

phovfilKiiric  ncid    .  434 

Precipitation  of  potassiuiii 47,  48 

Nenul,  Molecular  voliiniiw 782 

KewnftD,  F^rctrol>iir-  M>par»tinn  of  ooppcr  and  eadmium 208 

Mlobnut,  (Sxidation  of  r^tir^Min  monoxide 7S7 

Noyci,  W.  A.,  Deta-mination  of  sulphur  in  iron  and  rtlM-X  8M 

Nydeggcr,  DctcruiiuAtioQ  of  sulpliuric  at-id  wit  b  buizidiiin 714 

O. 

Oberpr,  Separation  of  coppor  and  cadmium , 010 

OwIielWimwr,  DetTminjiCion  of  ethylciip 752 

Scpunttion  of  bcnzcno  and  Ftttylcno 757 

Oitet,  Drtcrniinalion  of  iluorine  as  riliona  fluoride 82S 

phnit]>horiui  in  bronxc 238 

Offt-rhau>,  Determination  of  chlarinf?  gaa  by  titration 81 1 

Ohm.  I.11W  of 183 

fj|>|ji>nhcini,  C,  A>morption  of  nitric  o»de , BOS- 

Uruit,  Ap|iiu-uius  for  itu  aDalyiia ,...,..  797 

Ominn,  Voliimrtnr  dcitcrminatton  ofsilva 7M 

Oti.  Drtrrminnliitn  of  antimony 226,  227 

Oalwald,  Definition  of  moi 45fi 

tmlvbilttff  jjToiluct, ..,•••'••«•*>*..-■■    IM 

Wubing  procipitale* 18 

P. 

tHtlmna,  W.,  Iridium  in  fommfvctal  platinum 375 

Pantinft,  Ueternuaaboa  of  carbon  monoxide '. ..  7B8 


f)o8 


INDEX  OF  AUTHORS. 


Parr,  Vnlumrlrir  flo't^rminallon  of  copper 67^ 

PuTOfli,  Electrolytic  dt'lorminiilion  of  antimony 294 

Pattinaon,  J.,  Dct«rmuuvticm  oi  manganosc  in  iron  and  Btefil 6CZ 

nulphurip  anid 467 

Paul,  Drying  ovpn 38,  34 

lltMXlijiit  unCtmoiay  pentosulphide 230 

PoBRn,  DcUtrmitifttiun  of  phuEpliurus  iii  brume 3M 

Pl^hard,  Analysis  nf  n-nlfraniite , , .  3M 

PelouxG,  Titration  of  nitjatca j , 034 

P«nfielcl,  8.  I-.,  Wettirminalion  of  fluorine 476 

water  in  (ulicat«B 5]2 

Titration  of  hydrofluoiulid«  acid 58S 

Ponnock,  VuluTncCrit:  <tct<Tiiiiaatiiiii  of  Hulphuriu  ucid 716 

Penny,  Determination  of  iron  by  dichromate 641 

Btannouit  chloride 007 

Pnriliiin,  Sejiiuatinn  of  tunitnt^n  and  silicon. 302 

Petlcnkofer,  Dck-nninatioii  of  tJirtHUi  ilioxitlr  iu  air 008 

PeLtersBon,  O.,  Determination  of  carbonic  acid 884 

carbon  in  steel 406 

Pfeiffpp,  Reparation  nf  brnixcnc  and  cthylone 766,  757 

Philipp,  It.,  Analyniii  nf  timgRl^on  bronscfl. 296 

DeLerminaLion  of  siUpliocyanic  acid 340 

C'Dloririivtrii;  di>Ufrniinatiim  of  ijulinium. . ., ]80 

Scpamtion  of  popimt  and  cadtniiim 903 

Phillipfl,  Condition  of  sulphur  in  iron  and  McgJ 353 

DHfrii I i  nation  of  xilicon  in  preaence  of  mlicic  acid 613 

PhilosophofT,  P.,  /Vnalyxis  of  chlorine  jqim £13 

Piloly,  O;  Separation  of  ainenic  and  antimony 346 

Pinciu,  DL-toniiiuaCiun  of  pboiii'lioriD  acid 716 

PoKfcialp,  Titration  of  pymhudte S34 

PoUak,  L,,  Explodibility  of  cnrl^mn  monoxide— nitric  oxido  mixturts 804 

Permnncnc*  of  ammoniacol  copp<»  solution 766 

Solubility  of  nitrfnw  oxid*" gQJ 

Potain,  Doterraination  of  carbon  mooojdd«  in  air TOO 

Prcu-wcr,  Annt>-»ij!  of  iron-tungsten  aUo>v 36g 

Priuco,  Aoolyeifl  uf  iodiJcB 671 

0- 

QuaaJK.  Ozone  detcj-mioation 677 

R. 

Buiunaffr,  IVt/rmination  of  miuigancBa Qifl 

Bammdabcrg,  Analj^aio  of  wolfromito 307 

f)«|iarstion  of  Uthiiun,  aodhun  and  potawiuni 6fi 


lNl>EX  OP  AUTHORS.  909 

rAoa 

Raschig,  Titnticm  of  hydroxylamine 631 

bulphuric  acid  by  beondine 714 

Bulphuroua  acid 093 

Rayleigh,  Density  of  carbon  dioxide 386,  7fiO 

hydrogen 770 

nitroUB  oxide '. 800 

Recoura,  Determination  of  sulphuric  acid 467 

Reddrop,  Determination  of  manganese 616 

Renault,  Tension  of  aqueous  vapor 842-M5 

Reich,  Determination  d  nitric  acid 463 

sulphur  dioxide 815 

Reinhardt,  Titration  with  permanganate 607,  600 

Retgers,  K.,  Determination  of  manganeae 125 

Reuter,  M.,  Determination  of  sulphuric  acid 716 

Richards,  T,  W.,  Precipitation  of  calcium  in  presence  of  magnesium. ...     76 

Solubility  of  calcium  oxalate 70 

Testing  weights 15 

RickettB,  Notes  on  assaying 264 

Ri^er,  E.,  Standardization  of  permanganate 590 

Rieas,  Determination  of  antimony 224 

Ritter,  Determination  of  nitric  acid 460 

Rittener,  Determination  of  carbonic  acid 391 

Rivot,  Analysis  of  iron  ores 88 

Determination  of  copper IM 

Separation  of  copi>er  from  cadmium 202 

Robmer,  M.,  Separation  of  arsenic  and  antimony 245,  246 

Romijn,  Titration  of  formaldehyde 694 

hydroxylamine  salt 581 

Roaanoff,  M.  A.,  Determination  of  chlorine 707 

Roscoe,  Precipitation  of  vanadium 304,  305 

Rose,  H.,  Determination  of  ammonium  as  chloroplatinate 58 

bismuth 181 

cyanogen 338 

fenicyanide 343 

sulphur  in  sulphides. 359 

water  in  fluosUicates 484 

Precipitation  of  vanadium 304,  306 

Reduction  of  mercuric  salta 171 

Separation  of  antimony  and  tin 260 

,  arsenic,  and  tin 256 

barium,  calcium,  and  strontium 79 

copper  and  cadmium 202 

molybdenum  and  tungsten 296 

phosphoric  and  hydrofluoric  acida 474 

Volumetric  estimation  of  sulphurous  acid 003 


9IO 


moEX  OP  AVfRm 


Rotesblodt,  Determination  of  boric  Rcid 428 

Roaeahciui,  ^^cpHrnliun  uf  copper  luul  uickvl , 1S9 

RJMniiiK,  Detprmitialiun  or  anCiioony 322 

SeparnUnii  of  antiinnny  and  lis •••....... 348|  2U 

Rolhp,  Solution  of  forrir.  clilorklc  in  ether 187 

RtjIlinninrI,  I)c  term  i  nation  of  chlorine 7Q8 

KuegcnbeTK,  M  ■,  Sf|Jiinil.ii>ri  of  nuil ytxlpnum  and  tUQOden 298 

KudorfT,  Kl«:trolyiic  deterDiinaticii  of  mercury 172 

Rupp,  M«iliyl  rwi 543 

\'o]umetnr  eatiinatinn  of  sulphurous  acid 6B2 

Rutt«r,  Analj-siB  of  cUortit** 668 

S. 

Sahlbom,  Titration  of  hjidroSuoeilieifl  add 682 

Saud,  H.  G.  B,,  ElucIrulylJL-  dutcrriiiuuliun  of  araciuc 212 

SatiffT,  C.  R..  Coloriniclric  dt'iprinination  of  areenie 208,  210 

S(ini»trf>iTi,  Dclomiination  of  carbon  in  fttwl    ^ 39& 

SchaHgott^lio,  IVtripitBlion  of  tnagncmuin  ammonium  carbonate 69 

Schifii,  I)i'(tTininHti*Jii  of  aiiLtntuny 227 

Schettbacb,  Uuirrtte 529 

Sfliiff,  H.,  Azo'iomcl«r , 423 

Schirm,  E.,  Dvtermjnatiun  of  aluminium R5 

chromium      103 

Schlocttcr,  Kxamiiiation  of  electrolytic  chloriae 812 

SchlOasiT.  W..  Conrrtion  tublwt 519,  533 

DraJaiiiiK  of  burettcB 528 

EnTtr  in  m4.>(u^iirinK  veenclB 536 

Mcni^us  corrcclionfl 745 

Schlowinft,  .StrFinriLtion  of  |ki(  luwiuiii  und  HOdium 60 

^clunidt,  t;.,  .\iia,ly)u«  of  femim  redurlum 612 

H.,  HL-purutiou  uf  buriuin  and  elrontiiiai 81 

Sdunitz,  B.^  Metliod  uf  precipitating  magnmum 67 

phosphoric  acid 434 

Schneider,  Direct  combuslion  of  stcct 413 

ManKanrm-  di-ti-niiiniitioii    616 

Scholler,  Do)  erm  inn  I  ion  of  chromium , 106 

SuhOiiU'in,  t^timntion  of  ozone 676 

Schrauth.  DctLTinitmliuii  uf  chroiiiium 103 

8chr'')d(<r,  Sepi^iraiinn  of  tclltirium  and  antimony 281 

^^eh^6te^,  A.,  Dehydration  of  siLicio  add 487 

SclinHU'T,  Alkalinietcr 376 

Scfauchl.  Titration  of  hydrofiuowlidc  Mid 583 

Kcliudcl,  Di-KTinination  of  mangancee 130 

ScbudI,  t^iAiidtLnliziittuii  of  pernuutganmta 07 

Sdiubi^  Determination  of  nitric  aoid 456 


INDEX  OF  AUTHORS. 

Bdiutie,  Titratioo  of  pyridine  'basea ML 

BebweitKcr,  V.,  Solubility  of  boriuiu  chromaU! 7S 

Socjnaa,  L.,  Pri?dpituiJuD  uf  kuUI  by  bydronpn  peroxide 368 

Soiuiraiiui)  of  gr>id  mid  |iln(.iiiiiiii 27S 

ShimcT,  P.  W.,  Uirt'ct  combustion  of  slf*l 413 

Hmitli,  MrtlitK)  for  Mrpitu-iilinK  siQO  from  nirkcl,  etc 158 

Smith,  E.  F.,  Klectrolytic  dcteriiiinaljoii  of  c»dmiuio 190 

mcTL-ury 172 

Separatton  of  mulybdmium  and  tungsten 36S 

Smith,  J.  L.,  Dct^rminiition  of  nlkiLlip-i  in  ttilicAtca fil6 

Sraill,  A.,  Di-ltTimnalion  of  ciiTboii  in  utoel. ,,  405 

SnwUmK,  W.  O,,  V'k  wf  a  Munrrw  cmciblc   '27 

Sonne iiKirhc-in,  UcCerniinalioD  of  phoaphoric  acid . , , 436 

8oiui8tJUlt,  St'^jiiiTikLiun  of  potiuxiuiii  und  mHlium....... -.->••••••>* £0 

SAretifleti,  Standardization  of  acidH MS 

pcrmiinguiatft 897 

8oret,  Dpl^rinination  of  osone 660 

Soxblct,  Fnt  extraction  appurntiui 386 

Spear,  K.  U.,  Lleclrolytic  dctcrniinatiga  of  unc 146 

SpitB,  G..  Tilxmiun  of  boric  tu.jd 689 

H|tit.EeT,  Dril^Tminalion  of  sine .•...«.  145 

Stohrfow,  Al.,  Dcnfijly  of  acHylcru!. 7H 

ethylene 751 

Prpp&ratinD  of  acetylene 765 

8ta«,  AnnJysin  of  cummcrciAl  |)|atinuni 373 

Si««n,  n.,  Kcpar&tion  of  load  and  bi»inutb !07 

StelTan,  De^wminJition  nf  iihrnjihorir  arid   43a,  *40 

V'oiumelric  wpttmljon  of  vunmliutn  lutd  molybdenum 667,  068 

PtioRlitu,  J.,  Tlioory  uf  iudiciilors   MO 

Slcinbot'k ,  IVteniiinatitm  of  copiier 736 

Stpiner,  O.,  Det^rtninAtion  nf  rhtorinn  by  titration 811 

Btillnuui,  T.  B.,  Analyaifl  of  incanrlcHecnt  iiiantlee 512 

Stock,  A.,  Dvti^rmiiiiLl  inn  of  uluminium M 

HiroTiiium 108 

SeparcLliui)  of  arm^nic  and  antimony 7AS 

BtoiTcI,  M.,  DeterroinatiuD  of  Icud 170 

Stokes,  Absorption  of  hrnzRHC   763 

cthylrnc 763 

DeteTQunatioii  of  narbon  mononde 764 

fiTTuua  iron fi04 

R(>paratian  of  ■•Lhylcne  and  bcuKene 760 

Strom&ycr,  8ei>araUnn  of  barium,  nilduin,  and  stroatiun 70 

iron  and  titAnium 1 16 

Subech,  A-,  Sili<'ic  add  in  diiy 808 

bwett,  0.  U.,  UtHj-jf  Muuroc  crudbte 27 


9" 


INDEX  OF  AUTHORS. 


TaIbot,n.  P,  Removal  of  melt  fatmovcafe 4S8 

T^yniD.  fi.(  DctcnuioatWD  of  intagMHM 131 

xinc 140 

Thfto,  C.,  StafldonliMliimof  aodiiun  UiicsiilphAtotolutioa.. <M7 

TbfMrd.  Oxonc 6n 

Thicl,  I)rtcniunjil*on  of  mlpkurie  Bcid 4Q7 

Thiele,  J.,  App»nUuB  tot  chlorine  detenninatioo 819 

Detenunfttaoo  of  knenic S 

ftDtimoDf .,,,  fl 

Thomjirn,  J..  H<nt8  nf  oombostion S46 

Tbomaon,  W.,  Electrolytic  detenniiuitioD  of  anenic SIS 

Thor])e,  T.  E.,  Ekvtrolytic  d«<ennituUioo  of  aiMnic SIX 

Ticmann,  Detemunstion  of  nitric  add 406 

Toioicck,  DetoTDiiiatJoci  of  anwEiic 306 

Toatmann,  R.  R.,  Determination  of  aiwnie 312 

Topf,  Vtdumetric  rletfrmiiuUioo  of  Icfld  peroxide .....■..•■  67S 

Toth.  J  ,  Tilffttion  of  phenol 607 

TrwMJwell,  F.  P.,  Alwwrjjtion  of  Ixmscoe 7S3 

ethyleac TSt 

Apparatus  for  chlurtnc  tletenDiamlkm MS 

CoUfctioD  uf  gu  eamplea 73ft 

Cbbrimetrif:  det«nainatioii  of  MKOic SOS 

Computatioiu  in  gM  ao&lyw 7B' 

Dvneity  of  carbuu  inoaoxide 764 

chlorine 806 

DcKnniiiatioD  of  carbon  monoxide   764 

rejTouH  irtkn  in  Kilicalca fiOO 

hydrofluoric  acid 476 

iron 86 

uicltcl 137.138 

oione 077 

Gaaa  from  dcfibrinatod  blood 740 

Separation  of  ethylene  and  beniene ...A-  7S6 

TitrnI ion  of  hydrtifluoniltcic  arid    y...^..  BB2 

IVpuberi,  Detemuoation  of  bismuth 181 

I'ribe,  Uennity  of  methane 774 

I'reptLratiuu  of  pthylcun 751 

TromndnriT,  Determination  of  nitrous  acid  in  water 346 

Tachugacfl,  L.,  DtterminJition  of  nicke) 1S6 

Sepamtioin  of  nickel  and  cobalt , 161 

mangaiieee 166 

ziuo 165 


INDEX  OF  AUTHORS,  913 

U. 

tJIcftnA,  DctCTtnin&tion  of  muigAncflc  in  steel > (lift 

Urecb,  W.,  Determination  of  bismuth 182 

V. 

Vftoino,  L.f  Dctrprmtnatinn  of  hitunutb Ul 

IVcipitation  of  gold  by  hydn>i;en  peroxide 26B 

SoptkrHUon  nf  gald  and  pUliniim 273 

Von  N'&nic,  U.  C,  Det«r[ninHUo[i  of  copper 18S 

van'l  Kruyit,  M.  J.,  DetenninaUon  of  sulpburio  odd 4M 

Vcmon,  R.  H.,  Annlj-Hin  of  ruiiiiiiK  ucui« 577 

VioKiLi,  J.  F.,  I^liihility  nf  mongpiuitm  amtnomum  orseiuite 208 

Voipjl,  Detection  of  carbon  monoxide 788 

cobalt 105 

VoiRt,  I>eterniinatioD  of  line 140 

Volbard,  Anal>iii.i  of  sulpbocyaoate  and  haloflena 3i3 

r>olcniiiiiation  of  inaiiKaii(«<!  ■<*  bulpliato 190 

Preripilntinn  nf  mnmiric  sulphidp , IfiS 

HUuKlardiiation  of  ctodium  tbioeulph&U) MS 

Titration  of  l>rainine 7W 

cblohtH) 707 

oyanofCeo 710 

iodine 7QB 

niangajicM 612 

silver 706 

lulpburoiui  acid $0 

sulpbocyanidc  712 

with  pcrmanganatA 001 

TranflformatioD  of  chloride  into  oxide 143 

voo  GirBCwald,  Elnctrolytie  dctermicintion  of  cmiinium 180 

Separation  of  ooppcr  and  cadmium 3QB 

V.  Jtiptntsr,  H.,  Dcloniunatiou  of  phosphorus 438 

V,  Ivnorrr,  Combiuition  of  gaHcw  usitiR  copper  oxide 707 

nitric  oxido 803 

Determination  of  manf;&nc«o  in  atceL 620 

milfihuric  acid 714 

tungrt«ii 2&0,  2«1 

T.  drr  PfordtCD,  O.,  Abeotplion  of  oJiygen 760 

PrccipitatioD  of  mt^roumus  tuti)p)tatc 380 

V.  Kalb,  G.,  IVircipitation  of  mcrcunc  sulphide IM 

Vortuuuin,  ti.,  Kli>r:|mlytic  determination  of  iiMrcury 173 

Dcttrnnination  of  aoiimony 231 

Kemoval  of  nilphur  from  predpitctai 100 

SuiMiratiua  of  antimooy  and  tin 3i8,  2W 


1 


1 


914  DiDEX  OF  AUTHORS. 

W. 

PAOB 

Wade,  Determination  of  carbon  monoxide 762 

Wagner,  DetenninatioQ  of  ammonia  in  ammonium  salts 822 

Draining  of  burettes 528 

Indicators 548 

Standardization  of  sodium  thiosulphate  solution 647 

Walker,  Permanence  of  permanganate  solutions 90 

Wallace,  Volumetric  estimation  of  iron 697 

Walters,  J.  H.,  Jr.,  Determination  of  titanium 101 

H.  E.,  Colorimetnc  determination  of  manganese 128 

Warder,  R.  B.,  Behavior    of    sodium    bicarbonate    solutions    toward 

phenolphthalein 562 

Titration  of  alkali  carbonate  and  bicarbonate 566 

carbonate  and  hydroxide 564 

Washbtun,  E.  W.,  lodimetric  titration  of  arsenic 650 

W^>er,  H.,  Determination  of  sulphuric  acid 469 

Weber,  J.,  Ignition  of  calcium  sulphate 71 

Wegelin,  A.,  Composition  of  sodium  sulphide  solution 226 

Determination  of  iron 89 

nitric  acid 458 

Weitnauer,  H.,  Determination  of  manganese I2G 

Wetler,  A.,  Determination  of  titanium 100,  504 

Titration  of  antimony 687 

Wells,  Determination  of  copper  by  potassium  iodate 672 

WensG,  Separation  of  potassium  and  sodium 50,  51 

Wherry,  E.  T.,  Determination  of  boric  acid  in  minerals 590 

Whitby,  G.  S.,  Solubility  of  silver  chloride 317 

Wiemik,  Specific  gravity  of  ammonia  solutions 84 1 

Wiborgh,  J.,  Detennination  of  carbon  in  steel 405 

sulphur  in  iron  and  steel 354 

Wilfarth,  Modification  of  Kjeldahl  method 63 

Will,  Alkalimeter 376 

Titration  of  pyrolusite 625 

Wilner,  Determination  of  metallic  iron  in  the  presence  of  oxide 611 

Windelschmidt,  A.,  Determination  of  nickel 137,  138 

Winkler,  C,  Absorption  of  benzene 753 

Combustion  of  hydrogen 772 

Detection  of  carbon  monoxide ....   769 

Determination  of  chlorine  by  titration 811 

>  Titration  of  alkali  carbonate  and  bicarbonate 565 

hydroxide 563 

bicarbonate  in  the  presence  of  carbonate 592 

Use  of  gauze  electrodes 134 

Winkler-Dennis,  Method  of  technical  gas  analysis 794 

'  Winkler,  L.  W.,  Absorption  coefficient  of  hydrogen 771 


INDEX  OF  AUTHORS.  91$ 

Winkle,  L.  W.,  Absorption  coefficieDt  of  methane 774 

nitric  oxide 803 

nitrogen 807 

Determination  of  absorbed  oxygen 760 

carbon  monoxide 762 

Solubility  of  oxygen 757 

Winteler,  Determination  of  mercury 172 

Titration  of  hydrofluoric  acid 581 

Woh!,  A.,  Computations  in  gas  analysis 782 

Wahler,  Determination  of  carbon  in  ateel 406 

Tungsten  bronzes 298 

Wolff,  0.,  Determination  of  antimony 227 

Wolfrum,  L.,  Analysis  of  ferrum  reductum 612 

Wolter,  L.,  Detemunation  of  tungsten  in  steel 292 

Woy,  DetermiaatioD  of  phosphorus 436 

as  phosphomolybdic  anhydride 440 

Method  of  precipitating  ammonium  phosphomolybdate 437 

Wyokoop,  G.,  Determination  of  aluminium 86 

Y. 

Young,  S.  W.,  Standardization  of  iodine  solution 651 

Z. 

Zawadzki,  Precipitation  of  sulphides 15S 

Zimmcrmann,  Dctcmiination  of  uranium 106 

Precipitation  of  zinc  as  sulphide 158 

Reduction  of  ferric  salts 609 

Titration  with  permanganate 604,  605,  609 

Volvmetric  determination  of  uraniam 021 


INDEX  OF  SUBJECTS. 


A. 

Acceptor,  rlr&iition  of oOS 

Acetic  lund, 371,583 

ftnhydridc 583 

Aoetytenv 7M 

detcrminkUon  in  prevaooe  of  ethyhn* 831 

preportLtioD  of 755 

Aeidimeu-y 537,  ATI 

A<d(t«,  spcrific  gntvitioi  of ftA8,  SIO 

voliunctrie  determination  of 671,  &75,  583 

Adsiirption , , 18 

Air  bath , 27.32 

Air,  dciermination  of  carbon  dioxide  in 397,  503 

Alkali  bifarlturiniui,  volutiictric  detcnninalion  of 564 

ill  jirrawiicr  of  r-ArtKtnntc* 565 

Alkali  carbonateti,  voiumftHc  dptrrmination  of 502 

ID  prG««iic«  uf  bicurbonatea 665 

hydruxiika S63 

AlkalicB 38 

d«U>nninatioD  in  Icpldolite 602 

niliralca 496.  499 

■epwation  from  metHJs  of  Group  III 107,  147 

molydebnum 286 

(ouiHtJc),  specific  RTuvitiui  of MO,  861 

Tohunptrii:  deUvniination  of 658 

Atkftli  hydroxidcfl,  volumetric  detimiiDatJon  of 558 

in  prcMtnce  of  carbonatci .  .   663 

Alkalimetw 376 

AUudliMtoy d37,  558 

Alkaline  oarlhii 70 

■epuution  from  the  alkalie*,  and  ma^onum 78 

meUk  of  Group  III 107,  147 

molybdenum , ,     287 

one  anntiirT , 79 

AAaUne  earth  blrorbonatos,  vwlumctric  d<>t«7ninatioD  of MS 

carbonaliv,  voUuuvuic  dulerminaUuD  of SM^MT 

9«7 


I 


giS  INDEX  OF  SUBJECTS, 

TAam 

Alkaline  earth  hydroxides. 66ft 

salts,  titration  of 570 

Alkali  sulphides,  analysis  of 689 

and  hydrc^en  sulphide 691 

Bulphydratm,  titration  of 689 

AhmuDium 82 

detennination  in  bronzes 236 

silicates 492 

B^iaration  from  alkalies  and  alkaline  eartha 107 

chromium 114 

iron 107 

iron  and  phosphoric  acid Ill 

manganese,  nickel,  cobalt  and  zinc 149,  152 

metals  of  Group  II 192,  235 

titanium 116 

uranium 119 

Ammonia  (reagent),  necessity  for  redistilling 82 

preparation  free  from  carbonate 149 

specific  gravity  of 861 

titration  of 560 

Ammonium 57 

colorimetric  determinatioo 60 

gaa-volumetric  determination 822 

in  drinking  water 60 

volumetric  determination 660 

Ammonium  molybdate,  preparation  of  the  reagent 437,  638 

Analysis 1 

direct 2 

gravimetric I,  38 

indirect 2 

volumetric 2 

Anions,  gravitaetnc  determination  of 320 

calculation  of 737 

Antimony 218 

determination  in  bearing  metal 252 

electrolytic  determination 224 

removal  from  electrodes 227 

separation  from  arsenic 241 

arsenic  and  tin 256 

mercury,  lead,  etc 235 

metals  of  Group  III 235 

selenium  and  tellurium 281 

tin 248 

volumetric  determination 685,  687 

Apparent  iron  value  of  wire  for  standardization 98,  601 


INDEX  OF  SUBJECTS.  919 

Aisenic 206 

oolorimetric  detenninatioD 208 

dstermination  as  arsine 2H 

in  commercial  sulphmic  add 248 

mispickel 218 

vaoadinita 300 

eUctrolytic  determmatioo 212 

aaparation  from  antimony 241 

antimony  and  tin 256 

mercury,  lead,  etc 23G 

metals  of  Group  III 235 

molybdenum 287 

selenium  and  tellurium 281 

tin 266 

Aabestofl  filt«r8 26 

Assay  for  gold  and  silver 259 

Assay  ton 268 

Atomic  weight  table 869 

Axotometer 423 

B. 

Balance,  accuracy  of 6 

sensitiveness  of 7 

Baking  powders,  determination  of  carbonic  acid  in 377 

Barium 74 

detection  in  calcium  precipitates 496 

determination  in  silicates  and  rocks 406,  507 

fi^>aratioQ  from  calcium  and  strontium 70 

magnesium 79 

strontium 80 

metals  of  Group  III 107,  147 

metals  of  Group  II 192 

volumetric  determination 566 

Barium  carbonate  method 149 

hydroxide,  normal  solution  of 657 

Basic  acetate  method 152 

Bearing  metal,  analysis  of 2S2 

Benzene,  determination  in  gas  mixtures 762 

separation  from  ethylene 756 

Benzidine  hydrochloride,  reagent 201,  714,  715 

Bicarbonates,  in  presence  of  carbonates 602 

volumetric  estimation  of 601 

Bichromate,  determination  of  chromium  in 106 

Bismarck  brown 344 

Bismuth 179 


920  INDEX  OF  SUBJECTS., 

nam 

BiBiDUth,  determiiiation  in  bearing  metal 252 

Beparation  from  arsenic,  antimony,  and  tin 235 

copper  and  cadmium 198 

lead 195 

mercury 194 

metab  of  Groups  III,  IV,  and  V 192 

molybdenum 287 

selenium  and  tellurium 280 

Bitter*lmond  water 337 

Blick,  the 261 

Blood,  gases  from  dcfibrinated 740 

Boric  acid 428 

in  mineral  waters 431 

silicates  and  enamels 431 

volumetric  determination  of 588 

Brass,  analysis  of 193 

Bromine,  determination  in  mineral  waters 660 

non-electrolytes 325,  329 

soluble  bromides , 659 

gravimetric  determination  of 329 

Beparation  from  chlorine 334 

chlorine  and  iodine 336 

iodine 335 

volumetric  determination 655,  660,  709 

Broniee,  analysis  of 236 

Burettes 514 

allowable  error  in 530 

calibration  of 527 

draining  of 527 

6oate  for 528 

reading  of 528 


C. 

Cadmium igg 

colorimetric  determination igg 

electrolytic  determination 189 

precipitation  as  sulphide 191 

separation  from  arsenic,  antimony,  and  tin 235 

copper 200-204 

lead 200 

mercury 194 

metals  of  Groups  III,  IV,  and  V 192 

molybdenum 287 

selenium  and  tellurium 280 


INDEX  OF  SUBJECTS. 


931 


PAOB 

CBjoium 70 

(letarmioatinn  in  Hiliratai 4D4 

scpamtion  from  barium  and  strontiuin 79 

mnKnr»ii]m , 76 

metala  of  Group  HI IC7,  147 

metaltf  of  Uroup  II 192 

volumoLric  oBtiuuiLiou 666,  623 

ctilnrido,  prftvnfM*  of  fir*"  limt  in     877 

prt>ci]iilat-L-s,  teitting  for  b&rium  in   .  . 495 

OnlibniM  flHj-k",  U-Kting  of S24 

Ctilibration  of  burottfa. ,    537 

ictu^ujfuaurinK  inslruiQentB 743 

-         flofllu 522 

^k       pipcttAs S24 

GutM^^ptermiiuiUon  in  iron  and  steel , 396 

^V^  nitrodntous  orifiantc  subatauon 419 

^B^^  organic  mbst  anccR 414 

^^^^B  {net  Cnrbonja  anid),  di-UuminaLiDD  of 7G0,  77S,  788 

^^^Bin  elPfitn)lytir!  chlorine •>■>.. .  808 

Carboa&UMpvpr<»<>n(u>  of  bicArbonate &92 

volumotrie  cstimatioQ  of S91 

Csrboiuo  wad 378 

corabinod,  calculation  of 736 

determination  in  air 897,  fi93 

baking  powders 'ATi 

carbonates 591 

,  chlorinw 897,  808 

iUuminaUnn  (can 778,  788 

miocral  waters 382,  736 

prewncc  of  bicarbonate 691 

rjranic  and  hydrooyaDic  aoida  371 

N*0,  NO,  and  N 806 

Free,  mlfulaiionuf 738 

deterinmalinn  of S90 

Carbon  monoxide,  dct^rminalion  of 762,  779,  781,  789 

rinulitiilivr  d^itMstJon  in  air 76B 

Catbodw,  cleaning  of   130,  227 

CalioDS,  cmk-ulution  of  thoae  presfFHt  in  water 737 

gravimetric  dctenninAtioo  of 3ft 

Ccn'c  oxido,  iodirnf'trio  titration  of 665 

Cvmrn  1,  AnnlyxiM  of . .  864 

Ceriiini,  dt-tvtminnlion  in  soluble  Milta , 828 

Charcoal,  (i-oting  I  he  reducing  pawor  of 26.^ 

Chemical  fnctunt,  table  of 870 

Cbkrotai,  analysis  n( 460,  633,  060 

Chloric  acid,  gravimetric  dclcrmination 400 
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Chloric  add,  in  the  preaence  of  percbknic  add 463 

and  hydrochloric  ackls 463 

reduction  of 461 

volumetric  determination  of 633,  669 

Chlorine,  free,  determination  by  titration 809 

gravimetric  detennination 324 

volumetric  determination 654 

gravimetric  determination 320 

in  aqueoufl  soiutiona 320 

commercial  tin  chloride 321 

insoluble  chlorides 323 

organic  substancea 325 

vanadinite .^ . .  308 

separation  from  bromine ^k. .  334 

carbon  dioxide ^^.  397 

chlorate  and  perchlorate ^H  463 

cyan<%en '^fl^l^'  ^'^ 

fluorine ^^^T"  *^ 

iodine ^^^^li  335 

iodine  and  bromine •  mI^ 336 

volumetric  determination 654,  707,  708 

Chlorine  gas,  examination  of 808 

Chloroplatioates,  conversion  of  chloridea  into 43 

Chroioatea,  gravimetric  analysis  of 105 

volumetric  analyBia  of 641,  649,  664,  675 

Chromic  acid.    See  chromatee. 

compounds ^ 102 

Chromite,  analysis  of 509 

determination  of  chromium  in 675 

Chromium 102 

dotcrmination  in  iron  ores  and  rocks 310 

chromite 510,  675 

pig  iron 312 

Bteel .313,854,856 

separation  from  alkaline  earths  and  magnesium 107 

aluminium 114 

iron 113 

nickel,  cobalt,  manganese  and  zinc 149 

volumetric  determination  of 664,  875 

Clay,  soluble  nlicic  acid  in .<|Q8 

Closet,  drying M,  25 

Cobalt 138 

determination  in  arsenical  sulphide  ores 842 

electrolytic  detennination 138 

separation  from  alkaline  earths  and  magnesium 147 
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mctnlff  of  Group  111 140,  152 

mrlaU  of  Group  II ID2 

nickel : 161-164 

liQO l.W 

Coil  forheatins  cniriblcsby  etcaoi 32 

Collection  And  r^infinoineDt  of  gues 730 

Colutnbium,  ttx  Niobium 

Combuetion  (dcnirntiiry  analj-ns) 414 

of  organic  sulwttuicra  containing  h&Joften  421 

mtial 422 

sulphur 4aa 

CumBoe 415 

tube 41d 

of  gsBBs 764 

[a)  by  exploAoD 76S 

Cfc)  mclhoJ  of  Drcacfamidt . 766 

uirtliocl  of  Wiiikler-Deoiui. 794 

fractional , 7W 

Cone  for  holditiK  crucible  on  water  bath 81 

Copper 1B2 

analyRiH  iif  fur  .tclcniitin  and  U'llurhim 284 

deternunatioD  iu  btiuinK  metal , 392 

braaa IS^' 

liniDM Jim 

ora 673,  68S;  725 

electrolytiu  di^U^nniofttinn ^ 187 

svpomtioii  from  nrm-tiif ,  antimony  and  tin  ^r  235 

bisitmtli IBS 

cadiuui 300 

low! LOS 

tncmny IM 

(notftla  of  Groups  III,  IV  and  V 192 

volufflotrie  detenuiuaUou 672,  662,  72^ 

Crucible,  Oooofa 24,    25 

Cry8tal«,  eiw  of 30 

Cupellation 389 

(.ttpfermn,  prrpamtinn  of 840 

uiw-  in  quantitative  analysifl 818 

Cyanic  acid  .      .    . . . ...  - 8T1 

in  thf>  prvamcc  of  carbonic  ajul  bydrocymaie  acida 871 

CyaooKCQ 337 

in  the  pmence  of  haloftens 330,  711 

aulphocyaiiof>Dn. 342,  712 

chlorine  and  sulphof^yaoogm 713 

volumetric  determination , 710 
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Defibrinated  blood,  gases  from 740 

Desiccator 23 

I^chromate  methods ., 041 

Dimethyl  glyoxime,  reagent 129 

Direct  methods  of  analysis 2 

Distribution  coefficient 658 

Double  weighing 9 

Drying  apparatus 416 

closet 24,  25,  33 

of  precipitates 21 

of  Bubstonces  in  currents  of  gases 33,  220 

ovens 21,  24,  25,  28,  33,  34 

Electric  furnace 28 

Electrodes -. 93,  134 

cleaning  of 136,  227 

Electrolytic  determination  of  antimony 224 

araenic 212 

l^f^/^mi^^m 189 

oi*alt 138 

copper 187 

lead 177 

mercury 172 

nickel 131 

tin 234 

zinc 146 

iron,  for  stanflardizing  permanganate  solution 600 

preparation  of *   93 

outfit, 132,  178 

Elementary  analysis 414 

Ethylene,  determination  of 751,  818 

separation  from  acetylene 821 

benzene 757,  820 

Evaporation  of  liquids ^ 

Explosion  pipett« '^ 

F 

Factors,  table  of  chemical ^^^ 

Fahlerz,  analysis  of *^ 

Ferric  chloride,  solution  in  ether ^^^ 

iron,  volumetric  determination  of 99,  681,  697,  699 

Ferric  salt^,  reduction  of  solutions  of GO^ 

by  hydrogen  sulphide 99j  U2 

metals 608 
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Forrio  Salw,  rcductioa  by  Btaanoui  chlorido B09 

milphurouH  tind 607 

Fcrricyanic  acid,  gravimetric  ntitnation  of 344 

vnluEEiciric  cjttiinHt  Ion  of 683,  694 

FcoTOcyaiiio  acid,  gr&vinieirio  cfiliniHlion    342 

volumetric  ettiniation 632 

Fcrruiu  iron,  volumetric  dctts-udxuitioD  of 89,  003,  607,  641 

Femim  reductum,  analysis  of 611,  012 

Filter* 18 

ofiubestoii 26 

aiiBot 20 

FOtration  luid  wa«hinR  precipitates IS 

FloKka,  CAlibrAinl,  i>cniuissib1o  error  in 024 

r.'ilihratinn  nf fl22 

Flouts  for  bun^lLcs £28 

Fluorine,  ctelennination  an  calcium  ftunrida 471 

bydrofluoBilic  acid 476 

silicon  fluoride 470, 820 

in  ralc!iuin  Buorido 472 

l4?pidiilit«    602 

tniiiLTid  wal<v« > -. 480 

[tmtvuoe  of  phoNphuric  acid 474 

anparation  from  orids 4B9 

metals 481 

Fomialdehytir  (fijriiuUiii)  volunwtric  dctirmination  of 6M 

Formic  acid,  rolumetric  detprmiiiation  of 626 

FVuclionol  MimbuHtion  of  Rara 769 

Fuming  ociil,  uiuiIjiuh  of 675 

Fuming  sulphuric  acid 577 

Furnace,  cl(^ctric 38 

Q. 

Gas  aoalyrii 729 

uut 775 

technical 786 

GoA-comhufllion  pipctto 702,  704 

Gbbm,  colWtion  »nd  confinement  of 730 

tronnfercnce  of 7ti 

Gofl  mcntnirinR  inHtnjmenl«,  calibration  of 74S 

pipcrttm 788 

GM-volumctric  mcthnda 888 

Gnuu-  pUiinum  i-lcctrodea 134 

Geocrnt'ir  fput,  Kntih-Ma  of 77S,  783 

Gold,  determination  in  solutions 257 

or«fl ...263 

precipitation  by  hydrogen  pcmudfl 2fi6 
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Gold,  separatioQ  from  platinum 271 

selenium  and  tellurium 282 

silver 262 

Gram-«quivalent,  de6nition  of 530 

Graphite  in  cast  iron 414 

Gravimetric  analysis,  methods  of 2,  3S 

Grinding,  effect  on  composition. , .' 837 

H. 

Halogens,  determination  by  indirect  analysis 334 

gravimetric  determination  in  presence  of  cyanide 339 

BeparatioQ  from  cyanide  and  sulphocyanide 342 

hydrofluoric  acid 482 

one  another 331 

Hardness  of  water 568,  569 

Hematite,  dctennination  of  iron  in 610,  698 

Heats  of  combustion  of  gases 845 

Hood 30,  31 

Hydriodic  add 330 

separation  from  hydrobromic  and  hydrochloric  acids,  331,  336 

hydrocyanic  acid 339 

volumetric  determination 709 

Hydrobromic  add 329 

determination  in  mineral  waters 660 

separation  from  hydrochloric  add 334 

and  hydriodic  adds. 33d 

hydrocyanic  acid 339 

hydriodic  add 335 

Tolumetric  estimation 655,  650 

Hydrocapbons,  heavy 751,  779,  788 

separation  of 756 

Hydrochloric  add 320 

gas,  determination  of 814 

normal  solution  of 549 

separation  from  chloric  and  perchloric  add 463 

hydriodic  acid 335 

hydrobromic  acid 334 

hydrogen  sulphide 329 

hydrocyanic  acid 339,  711 

and  sulphocyanic  acids  .  713 

Bulphocyanic  acid 342,  713 

volumetric  determination 571,  707,  708 

Hydrocyanic  add 337 

determination  in  bitter  almond  water 337 

separation  from  cyanic  and  carbonic  acids 371 

halogen  hydride 339.  711 
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▼olumctric  dcterminALion  of 710,  71 1 

Hydrof emeyanic  acid 344,  B33,  m^ 
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BydroQuoric  acid 471 

determinatioD  as  calcium  fluoride 471 

hydro f)u<»s  11  i<;  acid 475 

nlioftii  Aiinridie   475,  829 

in  calcium  fluoride 472 

fepidulile fi02 

mineral  waters 480 

aepamtioQ  from  boric  acid 4S3 

hyc]ro<;liluric  acid 483 

mctnU 461 

phoeplioric  add. 474 

vnliimetrir  dclcrnuEialioa 581 

HydroBuosiUc  acid 483 
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Hydrogen 770 

detprmination  in  niLroceDOiH  ors&nie  HubaUncca 414 

or^atiie  subatancoa 414 

Hydrogen  pcroxidr),  iodimctric  titration 000 

nicthoila 820 

titration  by  permiuiKanatc 028 

litanuufl  cbluridc TOO 

sulphide,  cnlorimrtric  determination 8M 

expulsion  from  innolubic  ndphides 307 

evoluticin  and  aboorption 360 

detcrminal  ion  in  rcLtni-TiLl  wnlcrs 340,  6S8 

Kaa  mixtures 816 

Krarimctric  dott-rmiaatioQ 847 

titration  of 887 

eeparatton  fiom  nlkali  Kiilphydrate 601 

tJuosiUphatc ■. 091 

Hydro«u^hitc  of  mdium 700 

Bydroeulphuric  acid  (wa  Hydrogen  eulpUde) 347 

Hydroxylaminc 581,  631 

Hypochlflroiia  acid 344,  069,  701 

determination  in  the  preacnce  of  ekkirino 6&5 

Hypopbo«]ihorou«  acid. 373 

wpaimliou  from  phuspburoua  acid 874 
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Igniting  precipitates,  method  of 21,  28 

lUuminating  gas,  analyslB  of 775,  786 

Incandescent  mantles,  analysia  c^ 512 

Indicators 538 

Indirect  analysis 2,  56 

determination  of  halogens  by 334 

SOi  content  of  fuming  sulphurio  add.  579 

error  in 6 

Inquartation 259 

International  atomic  weights 849 

Iodic  acid 433 

determination  in  the  presence  at  periodates 670 

Iodides,  analysis  (rf  (see  Iodine) 671 

lodimetry 644 

Iodine,  determination  by  gravimetric  methods 330 

in  mineral  waters 660 

non-electrolytes 328 

soluble  iodides 656 

free,  titration  of 654 

preparation  of  pure 646 

separation  from  bromine    335 

bromine  and  chlorine 336 

chlorine 331 

solution,  standardization  of 649 

volumetric  determination 654,  709 

lodo-starch  reaction,  sensitiveness  of 652 

Iron 87 

electrolytic 93,  603 

determination  in  bearing  metal 252 

brass 193 

ferrum  reductum 611 

hematite 610,  698 

presence  of  oxide 61 1 

silicates 493,  502 

separation  from  alkaline  earths  and  magnesium 107 

aluminium 107 

and  phosphoric  acid Ill 

chromium 113 

manganese 153 

nickel,  cobalt  and  sine 149,  152,  155 

nickel 166 

metalfl  of  Group  II 192 

titanium 114 

uranium 110 
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>  ioditnetiic  method 681 

permanganate 603,  607 

BtannoUB  chloride 607 

titanous  chloride 600 

ore,  determination  of  ranadium  in 310 

and  chromium  in 313 

wire,  determination  of  apparent  iron  value 08,  601 

L. 

Lacmoid 644 

Lead 174 

determination  in  bearing  metal 2S2 

brasB 103 

bronze 236 

vanadinite 308 

electrolytic  determination  as  peroxide 177 

separation  from  arsenic,  antimony,  and  tin 235 

bismuth 196 

cadmium 200 

copper 198 

mercury 194 

metals  of  Groupa  II,  IV,  and  V 192 

molybdenum 287 

peroxide,  analyaia  of 676 

sulphate,  separation  from  barium  sulphate  and  silica 176 

volumetric  determination  by  molybdat« 727 

Lepidolite,  analysis  of 602 

Lime  method  for  halogens  in  organic  substances %. 320 

Liquids,  evaporation  of 30 

Liter,  definition  of 516,  621 

Lithai^,  testing  of 264 

Lithium 63 

determination  in  lepidoHte 502 

indirect  det^mination  of £6 

separation  from  sodium  and  potassium 63 

Litmus 544 

Logarithms,  t^lee  of 874,  876 

M. 

Magnesia  mixture,  preparation  of 206 

Magnesium 65 

detomination  in  silicates 405 

separation  from  alkahes 68 

banum 70 


»    I 

\ 
930  INDEX  OF  SUBJECTS. 

MagneMum,  aeparation  from  calcium 7a 

metals  of  •roup  II 192 

Group  III 107,147 

strontium 7g 

Manganese 120 

Golorimetric  determination 127 

determination  by  removal  of  iron  with  oupferron 841 

in  bronze 237 

ferro^maaganese 842 

iron  and  steel: 

by  bismuthate  method 616 

Volhard'a  method 615 

T-  Knorre's  method 620 

Pattinson's  method 642 

Williams'  method 619 

manganese  ores 841 

pyroluaite 624,  663 

separation  from  alkaline  earths  and  magnesium 147 

iron 163 

metals  of  Group  II 192 

nickel  and  cobalt 161 

trivalent  metals 149,  155 

line 156 

volumetric  determination 612,  616,  619,  620,  663 

Measuring  flasks 515 

calibrating 522 

instruments 514 

^        for  gas  analysis 743 

Melt,  removal  ^m  the  crucible 488 

Meniscus  corrections 745 

Mercury 168 

determination  in  ot^anic  substances 170 

electrolytic  dctermiQation 172 

purification  of 747 

separation  from  arsenic,  antimony  and  tin 235 

lead,  bismuth,  copper,  and  cadmium 194 

metals  of  Groups  II,  IV,  and  V 192 

selenium  and  tellurium 281 

Metallic  iron,  determination  in  presence  of  oxide 611 

Metalloids,  gravimetric  determination  of 320 

Motaphosphoric  acid 433 

Methane 774 

determination  in  gas  mixtures 780,  781,  790 

separation  from  hydrogen 790 

carbon  monoxide  and  hydrogen 781 

Methods,  sravimetric 2 
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Methcxlfl,  vohinictrio S14 

MeUkyl  orimtcc , SftO 

MctliylrwJ    fi43 

Minium  (red  lead),  volumetric  determination  of 023,  675 

MitFpiekd,  di-tcrimnation  of  amaiio  in 218 

Mule,  definition  of 46n 

MolybdcDum 2M,  6Atl 

determination  in  atoel . . ; 318 

rwiduc^,  r«('ovvry  of  molylKlKniim  from. 447 

scparatioo  from  the  alkalies 288 

thrt  Jilkaliiir  cnrlba 287 

tho  metAlf)  of  Groups  II  and  [II 287 

phosphoric  acid 28S 

tjngRlen 308 

vanadium 308,  flA7 

Molyhdio  acid,  gravimetric  detcniiiuation 284 

volumetric  determination OQB 

Momitnt,  Ktatical ..............> ,       8 

Monatitv,  dctvrminntiou  of  thurium  in , 010 

MuDToe  cntctble. 27 


Nickel 190 

di'ieniiiuntioii  in  aivcnical   sulphide  orw 843 

bras 193 

Btw-1 160,313,723 

tieetfOlyUc  clcterminanfin I3I,  IM 

tepafntton  from  olkalinr  earths  and  magnenium 147 

cohalt .,. 161.  I«2,  163.  104 

iron tea 

,  aluminium,  titanium,  and  uranium 149 

,  aluminium,    chromium,    titanium,    and 

umnium 149 

mansaoeae , J8I,  166 

"'«'    156,166 

volumclrir  detinninatinn    . ..*........        721 

Kickrl-chroiiiium  alloy  for  cruribk  triUHtlBi ..^ 20 

Niobium,  determination  in  wolframite J97 

Nitre,  tedtiog  the  oxidiaing  power  of 989 

Nitric  acid 4S1 

detcrminatioD  as  ammonia *.,.., 4tt 

nitnc  oxide 466.826 

nitresea psubnkle , ,,,  46) 

nitron  nHfftte , 491 

in  drinking  water 490 
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Nitric  acid,  oonnal  Mluti<Hi  of 562 

volumetric  determination 571,  634 

Nitric  oxide 802 

separation  from  nitrous  oxide 804 

and  nitn^es 805 

nitrogGD,  and  carbon  dioxide.  806 

Nitron 46 1 

Nitrous  acid,  oolorimetrie  determination 344 

determination  as  nitric  oxide 825 

volumetric  determination 626 

oxide 800 

determinatitm  in  the  presence  of  nitric  oxide 804 

and  nitrogen . .  805 
nitrogen,  and 

carbon  dioxide  806 

Nitrogen,  determination  by  Dumas  method 422 

Kjeldahl  method 62 

in  organic  substancee 422 

properties  and  method  of  preparation 806 

separation  from  nitrous  and  nitric  oxides 805 

oxide  and  carbon  dioxide  .  .  806 

Nitrophenol  as  indicator 543 

Normal  solutions 530,  548 

of  barium  hydroxide 557 

hydrochloric  acid 549 

nitric  and  sulphuric  acids 552 

oxalic  acid 552 

sodium  hydroxide 553 

preparation  of 532 

standardization  in  acidimetry  and  alkalimetry 548 

volume  and  temperature 516 

O. 

Oil,  removal  from  borings 236 

Oleum,  analysis  of 575 

Operations 6 

Organic  acids,  titration  of 583 

subetanccfl,  determination  of  carbon  in 414,  419 

chlorine  in 325,  329 

hydrogen  in 414,  419 

nitrogen  in 62,  422 

sulphur  in 370 

Orthoclase,  analysis  of 491 

Orthophosphoric  acid 434 

volumetric  estimation  of 718 
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Oven  for  drying 34,  2S,  28,  33,  34,  230 

Ojt&lic  Mrid 427 

onrmal  notution  of .■.■,..^.«(.j...t....i. ...  MS 

volumeUic  detemuDatioQ  of 0S3 

Oildfttioii  mvLboda fiOe 

Oxygen 787 

dctonnination  in  Uluminattog  gaa 771),  TSO 

|irrttt-iiirf  (if  KyilruKfin  in ..,,.,.„... 417 

Otoiu^  (luUinumotioa  u{ ^ 070 


P. 

PartitioD,  law  of  (we  law  of  diatribution). 

Paul'tt  dryinjt  ovan . . . . , 33,  34 

P«n«rboiiat«a,  analyaia of., 628 

Perchloric  acid 4S2 

dL'tcnninutran  in  Ibc  pmooce  of  eUoria  tiiid 463 

hjrdKMUoric  aoid 468 

preparation  of 61 

Pcrhydrol .,.,,, 230 
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[Hrmangannto  aoluliona 90,  003 

Budiuni  thii)Ki]l))hat4-  Mululion , 040 
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Ptinnangaoalo  nu-tliuds 500 

solution,  pRrmnnnnce  of 00,  003 

pivpanilion  of 696 

alAndardiBalion  of 01,  JS07,  827 

uwa  of 603 

Peruxiik'O,  analyniiior 627.681^661 

Fenulphuric  acid  (tmd  pcnmlpliatai),  onab'ais  by  iwrnuuiKanaU: 620 

potaniuni  bydronde . .  SOS 

titanouii  chloride 701 

Phrnol,  votumptrif  Mtimalion  of 605 

Phcnolphthaldn 545,  S54 

I'ho«|)li<.rri«  acid 434 

dirtonuinatiou  in  ciilciiim  pbosphate 730 

minrnd  wat«r ••■«• 447 

aiticAtcs 447 

vaoadinite 800 

MparaUoD  frocQ  alkalino  fu-tba  and  alkaliaa 440 

t|  chromic  acid 400 

.   J\  iron  and  aluminium Ill 
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Testing  of  weights 15 

Tetrahedrite,  analysis  of 3fi0 

Thallium,  detennindatioQ  of 318 

Thiocyuiic  acid  (see  Sulphocyanic  acid). 

Thionilphuric  add  (thioeulphate) 450,  645 

determination  in  presence  of  sulphide 69L 
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tin  chloride 321,  673 
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arsenic 255 
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Wet  precipitates,  method  of  igniting 28 

Welsbach  mantles,  analysis  of 512 

White  lead,  analysis  of 379 
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